19950119  030 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

0MB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions, 

oatherina  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  ®  1 «« 

collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Direc^rate  for  nr^oVoi  Jefferson 

DavisHighway  Suite  1204  Arlington,  VA  22202-4302.  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 

1  AGENCY  USE  ONLY  "(Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AN 

02/00/78 

D  DATES  COVERED 

^■fEWA.AN  FOR®i>RELlMINARY  STUDY  OF  INORGANIC  CONTAMINANT  REMOVAL  FROM 

RMA  GROUNDWATER 

5.  FUNDING  NUMBERS 

6.  AUTHOR{S) 

THOMPSON,  D.;  TERKONDA,  P.;  WEEKS,  N. 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION.  ENVIRONMENTAL  ENGINEERING  DIVIS 
VICKSBURG,  MS 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

81295R11 

9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

ARMY  CHEMICAL  DEMILITARIZATION  AND  INSTALLATION  RESTORATIC|U*l  ■* 

ABERDEEN  PROVING  GROUND,  MD  \  1  V 

10.  SPONSORING /MONITORING 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES  ^ 

12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 

APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  IS  UNLIMITED 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  (Maximum  200  words) 

THIS  DOCUMENT  CONSISTS  OF  A  MAJOR  REPORT  ON  INORGANIC  CONTAMIN7VNT  REMOVAL  FROM 

GROUND  WATER.  IN  THIS  PLAN,  WES  HAS  BEEN  REQUESTED  BY  THE  OPM-CDIR  TO  CONDUCT  A 
LITERATURE  REVIEW  AND  PRELIMINARY  LABORATORY  TREATABILITY  STUDIES  ON  VARIOUS 

SOURCE  WATERS  AT  RMA.  RECOMMENDATION  IS  THAT  THE  DETERMINATION  OP  SUITABLE 
TREATMENT  PROCESSES  BE  BASED  ON  BOTH  ENGINEERING  AND  ECONOMIC  ANALYSIS  AND  THAT 
THE  PROCESSES  BE  COMPATIBLE  WITH  THE  ORGANIC  CONTAMIN7U4T  TREATMENT  PROCESSES 
UNDER  STUDY  (ACTIVATED  CARBON  ADSORPTION  AND  ULTRAVIOLET/OZONE  OXIDATION) .  THE 
AMENDMENT  TO  THE  TEST  PLAN  PRESENTS  THE  INORGANIC  TREATMENT  PROCESSES  FOUND  FROM 
THE  LITERATURE  TO  BE  APPLICABLE  TO  THE  INORGANIC  CONTAMINANTS  IN  RMA  GROUND 
WATER  AND  OUTLINES  THE  BENCH  SCALE  STUDY  TO  BE  CONDUCTED  AT  WES  USING  THE 
POTENTIAL  PROCESSES.  THE  REST  OF  THE  DOCUMENT  IS  CORRESPONDENCE  AND  REPORTS  ON 
VARIOUS  WATER  TREATABILITY. 


14.  SUBJECT  TERMS 

PESTICIDES,  DIMP,  ALDRIN,  DIELDRIN,  BENCH-SCALE  STUDY,  SAFETY 

15.  NUMBER  OF  PAGES 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

UNCLASSIFIED 

18.  SECURITY  CLASSIFICATION 

OF  THIS  PAGE 

19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

20.  LIMITATION  OF  ABSTRACT 

NSN  7540-01-280-5500 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-10 
298-10^ 


TEST  PLAN 


for 

Preliminary  Study  of  Inorganic  Contaminant  Removal 
from  KMA  Groundwater 


by 

Douglas  W.  Thompson 
USAE  Waterways  Experiment  Station 
Environmental  Engineering  Division 
Vicksburg,  Mississippi  39180 


ITAEMS  TASK  NO:  1.05.21 


February  1978 


Prepared  For:  Office,  Project  Manager  for  Chemical 

Demilitarization  and  Installation  Restoration, 
Aberdeen  Proving  Ground,  Maryland  21010 


Accesion  For 

NTIS  CRA&I 
OTIC  TAB 
Unannounced  □ 
Justification  .  . . 


By.. 


Distribution  / 


Availability  Codes 

Dist 

M. 

Avail  c 
Spe 

nd/or 

cial 

INTE,QDUCTION 


1.  Rocky  Mountain  Arsenal  CRMA)  has  been  the  site  of  numerous  mili¬ 
tary  and  non-military  activities  which  have  resulted  in  the  introduction 
of  both  organic  and  inorganic  contaminants  into  the  groundwater.  Previous 
treatability  studies  at  RMA  have  concentrated  on  organic  contaminants 
which  were  of  particular  concern  to  the  Colorado  State  Health  Department. 
Well  monitoring  at  RMA  has  indicated  that  certain  inorganic  contaminants 
have  migrated  into  the  groundwater  in  concentrations  above  mandatory 
Federal  and  state  standards.  The  potential  exists  for  the  migration  of 
these  contaminants  off  the  arsenal  as  the  groundwater  flows  towards  the 
North  Platte  River. 

2.  The  state  has  not  fully  addressed  the  inorganic  contaminant 
problem  associated  with  groundwater  flow  from  RMA.  However,  it  is  anti¬ 
cipated  that  in  the  near  future,  the  State  of  Colorado  will  request  that 
RMA  pursue  inorganic  contaminant  mitigation  measures.  Such  measures 
could  include  altering  groundwater  flow  and/or  groundwater  removal,  treat¬ 
ment,  and  recharge. 

3.  In  order  to  obtain  the  data  base  necessary  for  the  design  of 
inorganic  treatment  systems,  the  OPM-CDIR  has  initiated  funding  for 
literature  review  and  bench— scale  treatability  studies  on  inorganic  con¬ 
taminants  identified  in  RMA  groundwater.  MERADCOM  has  been  funded  to 
review  fluoride  treatment  systems  and  to  conduct  fluoride  treatability 
studies  on  groundwater  from  the  northern  boundary  area  of  RMA.  The 
object  of  the  MERADCOM  study  is  to  develop  a  design  for  a  fluoride  removal 
system  to  be  used  with  the  Calgon  northern  boundary  pilot  system^ if  needed. 


4.  The  Waterways  Experiment  Station  QfES)  has  heen  requested  by 
the  OPM-CDIR  to  conduct  a  literature  review  and  preliminary  laboratory 
treatability  studies  on  various  source  waters  at  KMA.  The  OPM-CDIR  has 
recommended  that  the  determination  of  suitable  treatment  processes  be 
based  on  both  engineering  and  economic  analyses  and  that  the  processes 

be  compatible  with  the  organic  contaminant  treatment  processes  under  study 
(activated  carbon  adsorption  and  ultraviolet /ozone  oxidation). 

OBJECTIVES 

5.  The  objectives  of  this  study  are  as  follows: 

a.  To  develop  an  applicability  matrix  of  treatment  processes 
for  inorganic  contaminants  identified  in  RMA  groundwater 
as  being  above  acceptable  concentration  limits. 

To  use  this  matrix  in  setting  up  bench-scale  inorganic 
treatability  studies  on  RMA  groundwater  from  Pump  Well 
(PW)  118, 

c_.  To  conduct  additional  laboratory  bench-scale  inorganic 

treatability  studies  on  other  RMA  source  waters  as  identified 
by  the  PMO . 

To  provide  the  information  needed  (as  funds  allow)  for  the 
design  of  field-scale  units  for  testing  onsite  at  RMA. 

To  develop  a  mathematical  model  of  the  most  applicable 
process (es)  for  predictive  determinations. 


APPROACH 


6.  This  study  will  be  conducted  in  two  phases  involving  three  sub¬ 
tasks.  The  first  phase  will  involve  a  literature  and  information  review 
to  determine  the  inorganic  contaminants  to  be  considered.  (Subtask  1)  and 
any  applicable  treatment  processes  (Subtask  2).  An  applicability  matrix 
of  contaminants  versus  treatment  processes  will  be  developed. 

7.  The  second  phase  of  the  study  will  be  the  laboratory  bench-scale 
treatability  studies  (Subtask  3)  using  the  treatment  processes  found  to 
be  most  applicable.  This  work  will  be  performed  at  WES. 

METHODOLOGY 

Subtask  1  -  Identification  of  Contaminants 

8.  A  number  of  inorganic  groundwater  contaminants  have  been  identified 
from  the  RMA  well  monitoring  program  as  being  in  excess  of  mandatory  or 
suggested  concentration  standards.  Table  1  presents  a  list  of  inorganic 
contaminants  that  have  been  identified  in  certain  RMA  wells  as  being  in 
excess  of  mandatory  or  suggested  standards.  It  should  be  noted  that  not 
all  of  the  contaminants  have  been  found  in  excess  in  every  well.  These 
contaminants  will  provide  a  starting  point  for  the  applicability  study. 

A  review  of  existing  well  monitoring  data  will  be  made  to  determine  other 
inorganic  contaminants  that  should  be  addressed  in  the  study. 

Subtask  2  -  Applicability  Study 

9.  An  applicability  study  on  inorganic  treatment  processes  for  the 
contaminants  of  concern  will  be  conducted  incorporating  available  litera¬ 
ture  and  data  provided  by  MERADCOM.  The  information  obtained  will  be 


discussed  in  a  report  which  will  he  in  the  form  of  m  amendment  to  this 
test  plan.  Also  included  will  he  a  summary  applicaihility  matrix  for  ease 
in  identifying  potential  treatment  processes.  The  inorganic  treatment 
processes  will  he  reviewed  on  the  basis  of  both  engineering  and  economic 
factors.  Evaluations  of  treatment  processes  will  include  such  factors 
as  the  potential  for  multi-contaminant  removal,  removal  potential  versus 
contaminant  concentration,  and  overall  compatability  with  an  organic/ 
inorganic  treatment  system. 

10.  The  review  and  evaluation  of  inorganic  treatment  processes  will 
provide  a  basis  for  development  of  a  laboratory  bench-scale  treatability 
scheme  which  will  be  presented  in  the  test  plan  amendment  for  review  by 
OPM-CDIR.  Included  will  be  recommendations  and  a  detailed  outline  for 

a  laboratory  treatability  program  to  provide  both  verification  of 
feasibility  and  design  information  for  high  potential  inorganic  treat- 
ability  processes. 

Subtask  3  -  Bench-Scale  Study 

11.  Upon  approval  by  OPM-CDIR,  bench-scale  treatability  studies  will 
be  initiated  at  WES.  Treatment  studies  will  be  conducted  on  RMA  source 
water  shipped  to  WES.  Studies  will  begin  on  water  from  PW  118  as  an 
extension  of  precipitation  pretreatment  work  initiated  in  the  field-scale 
UV/ozone  system  study.*  Work  can  then  proceed  to  other  source  waters 

as  directed  by  OPM-CDIR  providing  funds  are  available.  Details  of  the 
bench-scale  treatability  study  will  be  included  in  the  amendment  to  this 
test  plan. 

*See  "Test  Plan  for  Field-Scale  System  Study  (Ultraviolet /Ozone  Process)" 
by  Douglas  W.  Thompson,  dated  January  1978. 


SCHEDULING 


12.  A  time  schedule  for  the  inorganic  treatment  study  is  presented 
as  Figure  1.  Test  plan  development  and  review  is  scheduled  for  com¬ 
pletion  by  1  April  1978.  The  applicability  study  and  development  of 
the  amendment  to  this  test  plan  will  be  initiated  in  February  1978  and 
should  be  completed  by  21  April  1978.  Laboratory  bench-scale  treatability 
studies  will  begin  in  May  1978  and  continue  through  the  end  of  FY  78. 

A  summary  report  on  work  completed  in  FY  78  is  due  1  October  1978. 

SAFETY 

13.  All  laboratories  and  personnel  will  be  periodically  checked  to 
determine  that  proper  safety  equipment  is  available  and  that  proper 
operating  procedures  are  being  used. 


Table  1 

Inorganic  Contaminants  Identified  at  RMA  With  State  of  Colorado 
Drinking  Water  Aquifer  Pollution  Limits 


Mandatory  Limits  (mg/il) 


Parameter 

Limit 

Arsenic 

0.05 

Fluoride 

2.4 

Mercury 

0.002 

Nitrate  (as  N) 

10 

Suggested  Limits  (mg/5,) 

Parameter 

Limit 

Chloride 

250 

Iron 

0.3 

Manganese 

0.05 

Sodium 

250 

Sulfate 


250 
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INTRODUCTION 


1.  The  Nateways  Experiment  Station  (WES)  has  been  requested  by  the 
Office  of  the  Project  Manager  for  Chemical  Demilitarization  and  Installa¬ 
tion  Restoration  (OPM-CDIR)  to  conduct  a  literature  review  and  preliminary 
laboratory  treatability  studies  on  various  source  waters  at  RMA.  The 
OPM-CDIR  has  recommended  that  the  determination  of  suitable  treatment 
processes  be  based  on  both  engineering  and  economic  analyses  and  that 

the  processes  be  compatible  with  the  organic  contaminant  treatment  pro¬ 
cesses  under  study  (activated  carbon  adsorption  and  ultraviolet /ozone _ 
oxidation) . 

2.  The  original  test  plan*  presented  the  objectives,  approach, 
methodology,  and  scheduling  for  the  task.  This  amendment  presents  those 
inorganic  treatment  processes  found  from  the  literature  to  be  applicable 
to  the  inorganic  contaminants  in  RMA  groundwater  and  outlines  the  bench- 
scale  study  to  be  conducted  at  WES  using  the  potential  processes. 

LITERATURE  REVIEW 

3.  Table  1  presents  a  list  of  inorganic  contaminants  that  have 
been  identified  in  certain  RMA  wells  as  being  in  excess  of  mandatory  or 
suggested  standards.  A  literature  review  was  conducted  with  special 
emphasis  placed  on  those  contaminants  found  to  be  above  mandatory  limits 
of  the  State  of  Colorado.  A  summary  of  the  information  found  follows. 

*  See  "Test  Plan  for  Preliminary  Study  of  Inorganic  Contaminant  Removal 
from  RMA  Groundwater"  by  Douglas  W.  Thompson,  dated  February  1978. 
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Table  1 


Inorganic  Contaminants  Identified  at  SKA.  With  State  of  Colorado 
Drinking  Water  Aquifer  Pollution  Limits 


Mandatory  Limits  (mg/2) 

Parameter 

Limit 

Arsenic 

0.05 

Fluoride 

2.4 

Mercury 

0.002 

Nitrate  (as  N) 

10 

- 

Suggested  Limits  (mg/2) 

Parameter 

Limit 

Chloride 

250 

Iron 

0.3 

Manganese 

0.05 

Sodium 

250 

Sulfate 

250 
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Fluoride  Removal 


4.  Most  of  the  studies  on  defluoridation  of  water  were  done  in  the 
early  1930s  with  emphasis  on  the  defluoridation  of  drinking  water.  These 
investigations  led  to  the  use  of  three  methods  of  defluoridation  that 
have  proven  practicable.  Two  involve  use  of  activated  alumina  or  bone 
char  in  the  form  of  an  insoluble  granular  media  which  removes  the  fluorides 
as  water  percolates  through  them.  The  media  are  periodically  regenerated 
by  chemical  treatment  when  they  become  saturated.  In  the  third  method, 
magnesium  is  added  to  water  in  the  form  of  dolomitic  lime.  It  is  removed, 
after  absorbing  the  fluorides,  by  passing  the  water  through  settling  basins 
and  filters  and  is  discarded.^  These  and  various  other  methods  of  removing 
fluorides  are  discussed  further. 

Calcium  phosphates 

5.  The  chemical  theory  of  the  removal  of  fluorides  by  beds  packed 
with  calcium  phosphates  is  based  on  the  anion  exchange  properties  of 
apatites.  The  carbonate  radical  in  the  apatite,  nCa^CPO^) .CaCO^,  is 
replaced  by  the  fluorides  in  the  water,  forming  an  insoluble  fluor- 
apatite.  In  the  regeneration  of  the  material  with  sodium  hydroxide  the 
fluorapatite  becomes  a  hydroxyapatite  and  the  fluorides  are  removed  in 
the  form  of  soluble  sodium  fluoride.  The  hydroxyapatite  subsequently 
becomes  available  as  an  exchange  material  by  the  replacement  of  its 
hydroxy  radical  with  fluoride. 

6.  Bone  char,  the  principal  constituent  of  which  is  tricalcium 
phosphate,  has  been  used  in  contact  filters.  It  is  reported  to  have  an 
exchange  capacity  of  450  gr/cu.  ft.  with  regeneration  with  caustic  soda 
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and  carbonic  acid.  Sulfuric  acid  has  also  proved  to  be  effective  as  a 
regenerant.^ 

7.  One  method  of  preparing  bone  for  use  as  a  fluoride-removing 
agent  involves  boiling  to  remove  the  fat  and  most  of  the  protein.  It  is 
then  crushed  and  boiled  in  a  solution  of  sodium  hydroxide.  The  caustic 
is  removed  by  thorough  washing  and  finally  is  neutralized  with  hydro¬ 
chloric  acid.  The  material  is  again  washed  and  then  dried  and  graded.^ 

8.  A  porous,  granular  type  of  tricalcium  phosphate  has  been  deve¬ 

loped  for  use  in  contact  filters.  The  exchange  capacity  has  been  deter- 
mined  to  be  300  gr/cu  ft.  Increases  in  sulfate  and  hardness  of  water 

decreases  this  capacity  ’  Each  100  ppm  increase  in  sulfates  decreases 

this  capacity  by  approximately  3%.  The  iron  content  also  affects  the 
system.  Iron  must  be  reduced  to  less  than  0.10  mg/1  to  prevent  clogging. 
The  particle  size  of  the  material  also  influences  capacity  and  flow  rate. 

In  a  water  treatment  plant  using  this  process  with  an  influent  content 

of  2-14  mg/1  (average  8.3)  the  effluent  concentration  averaged  0.6  mg/1. 

9.  Regeneration  is  accomplished  by  washing  with  a  1%  solution  of 

sodium  hydroxide  (1  Ib./cu.ft.)  followed  by  a  0.7%  by  weight  hydrochloric 

acid  solution  for  neutralizing.  However,  a  loss  of  2.5  to  3%  of  tricalcium 

4 

phosphate  occurs  per  regeneration  using  hydrochloric  acid  .  Behrman  and 
Gustafson^  discovered  that  carbon  dioxide  used  as  a  regenerant  did  not 
cause  a  loss  of  material,  increased  the  useful  life  of  the  material  and 
was  not  corrosive  as  is  hydrochloric  acid. 

10.  Goodwin  and  Litton  report  the  exchange  capacity  of  calcium 
phosphate  to  be  275  gr./cu.ft.  A  commercial  pilot  plant  using  a  calcium 
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phosphate  bed  reduced  the  fluoride  concentration  from  5  ppm  to  0.42  ppm. 

The  rated  exchange  capacity  of  this  material  »as  358  gr./cu.ft.;  actual 
exchange  capacity  for  this  plant  »as  346  gr./cu.ft.  Tests  indicated 
optimum  flou  rate  to  be  1.5  gal. /min.  for  a  1.3  cu.  ft.  bed.  Each  re¬ 
generation  required  approximately  1  lb.  caustic  per  cu.  ft.  of  material. 
Approximately  0.65  lb.  of  phosphate  mas  lost  after  fifty  regenerations 
(83,700  gallons  of  water). 

11.  An  alternate  method  to  the  use  of  a  trlcalcium  phosphate  contact 
tover  is  to  remove  fluoride  by  precipitating  tricalcium  phospbnte  in 
mater  by  adding  lime  and  then  phosphoric  acid  to  a  pH  of  7  to  7.5.  This 
gives  a  mixture  of  hydroxyapatite  OCaPjOg-Ca/OH)^  and  tricalcium  phos¬ 
phate  (CagPgOg-HgO).  When  trlcalcium  phosphate  is  precipitated  in  water 
by  addition  of  phosphoric  acid  and  lime  a  gelatinous  floe  is  formed  and 
fluoride  removal  is  accomplished  by  adsorption  and/or  formation  of  a  . 
complex  compound-fluorapatlte.  When  the  lime  and  acid  are  added  so  that 
the  weight  of  the  tricalcium  phosphate  is  200  times  the  fluoride  present 

then  essentially  all  the  fluoride  mill  be  removed.  One  kg  of  tricalclum 

4 

phosphate  removes  6.05  gm  of  fluoride. 

Aluminum  compounds 

12.  Aluminum  sulfate  and  other  aluminum  salts  have  been  used  in 
combination  with  insoluble  compounds  in  contact  beds  or  as  constituents 
of  floe.  The  fluorides  are  removed  by  the  formation  of  an  aluminum 

fluoride  complex  or  by  adsorption  on  the  floe. 

13.  Boruff^  added  hydrous  aluminum  sulfate  to  water,  mixed  foa.  30 

ndn.,  allcwed  it  to  stand  for  18-24  hours,  and  than  ramovad  tha  floe  by 
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filtration.  He  reported  increased  dosage  of  alutiinnm  sulfate  gave 

increased  removal  of  fluorides.  A  reduction  from  2-3  mg/1  to  1  mg/1 

required  2  gr./gal.  and  from  5  to  1  mg/1  required  10  gr./gal.  (171  mg/1). 

He  also  noted  good  mixing,  good  flocculation,  and  pH  control  (optimum  - 

8 

6.25-7.5)  were  needed  for  maximiim  removal-  Fink  and  Lindsay  reported 
that  the  efficiency  and  capacity  are  dependent  on  the  hydrogen  ion  con¬ 
centration.  As  alkalinity  increases  capacity  decreases.  Boruff,  Buswell 

Q 

and  Upton  reported  that  "the  cation  associated  with  the  fluoride  ion  in 
water  greatly  affects  the  completeness  of  its  removal  by  alum  floe."  High 
concentrations  of  aluminum  sulfate  are  needed  for  removal  of  even  low- 
concentrations  of  fluorides.  For  example,  four  ppm  fluorides  requires 
from  300  to  500  ppm  of  aluminum  sulfate.  The  varying  amounts  of  aluminum 
sulfate  are  due  to  the  differences  in  pH,  flow  rate,  contact  time  and  other 
parameters  of  the  treatment  processes.  In  one  investigation  891  ppm 
aluminum  sulfate  was  needed  to  reduce  the  fluoride  content  from  6.0  ppm 

o 

to  1  ppm.  In  another  experiment  860  ppm  aluminum  sulfate  reduced  the 

3 

fluoride  content  from  8.5  to  1  ppm. 

14.  Contact  beds  have  been  prepared  by  reacting  a  number  of  compounds- 
sodium  silicate,  barium  chloride,  sodium  phosphate,  ferrous  sulfate, 
titanium  chloride  -  with  an  excess  of  alumintjm  ions  thereby  forming  an 
insoluble  material  having  fluoride-removing  capacities.  Another  method 
utilizing  aluminum  salts  involves  pickling  base  exchange  materials  (natural 
or  synthetic  zeolites)  or  naturally  adsorptive  materials  in  aluminum  salt 
solutions.  In  one  study  sawdust  was  used  as  the  adsorptive  material. 

Because  of  the  long  time  (5  hours  or  more)  required  for  the  pickling  pro¬ 
cess  and  the  lower  exchange  capacities  (compared  to  activated  aluminum) , 
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these  methods  have  limited  use. 

15.  Dehydrated  aluminum  oxide  (calcined  aluminum,  activated  alumina) 

has  been  used  in  contact  beds  in  various  studies.  In  these  investigations 

different  exchange  capacities  have  been  reported  -  416,  505,  514,  600 
2 

gr./cu.ft.  In  the  study  by  Savinelli  and  Black,  regeneration  with 
aluminum  sulfate  yielded  a  miuch  higher  exchange  capacity  (2000  gr./cu.ft.) 
than  the  other  methods  of  regeneration.  They  also  reported  that  the 
length  of  regeneration  time  and  the  alkalinity  influenced  the  exchange 
capacity.  Longer  regeneration  times  up  to  4  hours  increased  exchange 
capacities  but  beyond  4  hours  there  was  no  significant  increase  in  the 
exchange  capacity.  As  the  alkalinity  increased  the  capacity  decreased. 

At  the  optimum  pH  of  5.6  the  exchange  capacity  was  3400  gr./cu.  ft. 

Ion  exchange  processes 

16.  The  ion  exchange  process  works  on  the  principle  of  exchange  of 
an  anion  (such  as  chloride)  with  fluoride.  This  principle  is  also  used 
in  calcium  phosphate  removal  of  fluorides.  One  method  utilized  a  complex 
metal  chloride  silicate  formed  from  barium  or  ferric  chloride  and  silicic 

3 

acid.  Another  method  uses  an  organic  resinious  anion  exchange  material 
made  from  various  diaminobenzenes  or  phenols  and  formaldehydes.  The 
material  is  first  conditioned  with  a  4%  solution  of  soda  ash,  neutralized 
with  a  dilute  acid,  ,  washed  and  soaked  with  a  4%  solution  of  alviminum 

3 

sulfate.  The  exchange  capacity  is  1240  gr./cu.ft.  However,  its  capacity 
was  found  to  be  derived  entirely  from  the  precipitated  aluminum  oxide 
formed  in  the  column  during  alimi  regeneration  and  this  floe  restricted 
water  flow. 
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17.  Thompson  and  McGarvey^^  experimented  with  a  strongly  basic 
anion  exchange  resin  in  the  chloride  form.  It  behaves  as  a  solid  caustic 
with  hydroxyl  ions  in  solution  and  will  absorb  negatively  charged  ions. 

Its  effectiveness  depends  on  the  concentration  of  fluorides  and  ratio 

of  fluorides  to  total  anions  in  the  raw  water.  The  higher  the  ratio, 
the  greater  its  effectiveness. 

Lime 

18.  Fluoride  reduction  with  the  use  of  lime  has  been  observed  and 

has  been  determined  to  be  a  function  of  the  amount  of  magnesium  removed. 

Between  6-65  ppm  of  magnesitim  must  be  removed  to  reduce  the  fluoride  - 
3  1_0 

content  by  1  ppm.  ’  Emplo3nnent  of  this  method  involves  addition  of 
magnesium  in  the  form  of  dolomitic  lime  or  activated  magnesia. 

19.  Fluoride  wastes  are  common  to  electronic  tube,  glass,  nuclear 
fuel,  aluminum  and  steel,  metal  finishing  and  electroplating  and  fer¬ 
tilizer  industries.  Westinghouse  in  its  electronic  tube  manufacturing 
plants  adds  lime  and  a  polyelectrolyte  coagulant  to  their  concentrated 
fluoride  wastes.  Fluoride  is  precipitated  as  calcium  fluoride  and  is 
allowed  to  settle  out  in  successive  settling  tanks.  The  clear  liquid  in 
the  last  tank  is  then  diluted  to  bring  the  fluoride  concentration  from 
10-30  ppm  to  drinking  water  standards.  Periodically,  the  tanks  are 

cleaned  and  the  sludge  hauled  to  a  landfill.  The  feasibility  of  converting 

12 

fluoride  sludges  to  cryolite  and  calcium  fluoride  are  being  investigated. 

20.  Paulson^^  reports  that  the  most  widely-used  method  for  removal 
of  fluorides  from  industrial  wastewaters  containing  high  fluoride  con¬ 
centrations  involved  precipitation  by  the  addition  of  a  soluble  calcium 
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salt. 


Stoicheiaetrically  1.06  lbs.  of  calcium  removes  1  lb.  of  fluorides. 

The  required  pH  for  optimum  fluoride  removal  is  8-9  or  greater  than  12. 
Reaction  time  varies  from  30  min.  to  24  hours  depending  on  the  type  of 
wastewater  treated.  This  method  reduces  the  fluoride  concentration  to 
12-30  mg/1.  For  further  reduction,  other  defluoridation  techniques  must 

be  employed . 

Absorbents 

21.  Absorbent  material  such  as  silica  gel,  activated  carbon.  Fuller’s 
earths,  bentonites  and  diatomacious  earth  have  been  found  to  reduce  fxuoriae 
concentrations  in  varying  amounts  but  all  require  very  low  pH  (less  than  3) 
or  excessive  quantities  of  material.^’^  McKee  and  Johnston^^  reported  low 
concentrations  of  fluoride  are  removed  by  activated  carbon.  The  removal 
efficiency  is  a  function  of  pH  and  the  percent  carbon  in  the  filter. 

At  a  pH  greater  than  4  removal  efficiencies  were  less  than  50%.  At  a 
pH  less  than  3,  removal  efficiencies  approached  100%. 

Other  methods 

22.  Other  methods  which  have  been  studied  include  sodium  aluminate 
and  ferric  salts  used  as  coagulants  and  hydrated  metallic  oxides-ferric 
oxide,  chromium  borate,  mixed  oxides  or  iron  and  manganese,  bauxite  and 
bog  iron  ore-used  in  filtration.  Zeolite  has  also  been  used  in  contact 
filters.  Of  these  the  most  efficient  is  probably  ferric  oxide. 

Mercury  Removal 

23.  Because  metals  exist  in  wastewater  in  many  forms,  soluble,  in¬ 
soluble,  inorganic,  metal  organic,  reduced,  oxidized,  free  metal,  preci¬ 
pitated,  adsorbed,  and  complexed,  treatment  processes  for  metals  removal 
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must  be  selected  to  remove  the  existing  form  of  the  metal,  or  the  metal 
must  be  converted  to  a  suitable  form  compatible  with  the  removal  process. 
In  general,  to  be  removed  from  wastewater,  metals  must  be  precipitated 
or  otherwise  attached  to  an  insoluble  form  through  adsorption  or  ion 

exchange . 

Chemical  precipitation 

24.  Many  heavy  metals  exhibit  low  solubility  as  the  metal  sulfide 


so  that  removal  by  sulfide  precipitation  using  inorganic  sulfide,  hydrogen 

sulfide  gas,  or  sulfide  generated  by  anaerobic  organic  activity  has  been 

used  for  mercury  removal  from  chloralkali  plants  and  arsenic  removal  in 

the  phosphoric  acid  industry.  Tae  major  problem  is  the  presence  of  excess 

sulfide  ions  in  the  effluent.  In  many  cases  this  sulfide  must  be  destroyed 

17 

(usually  by  aeration)  before  discharged  to  prevent  sulfide  toxicity. 

Because  sulfide  precipitation  has  not  been  widely  used,  there  is  not  much 

data  on  operation  or  effluent  quality. 

25.  Removal  of  mercury  by  conventional  water  treatment  techniques 

include  coagulation,  clarification  and  filtration  processes.  Several 

coagulants  have  been  tested  by  various  investigators.  Ferric  chloride 

was  found  to  be  the  most  effective;  at  a  40  mg/1  dose  (pH  6.2  and  in- 

18 

fluent  concentration  of  0.05  mg/1)  98%  removal  was  obtained.  Ferric 
sulfate  at  a  20-30  mg/1  dose  gave  40-60%  removal.  Lime  at  a  600  mg/1 
dose  (pH  11.5,  influent  mercury  concentration  0.5  mg/1)  gave  70%  removal. 
Alum  was  found  to  be  dependent  on  turbidity-10%  removal  at  3  Jtu  and  60% 
removal  at  100  Jtu.^^  As  the  turbidity  of  the  raw  water  increased, 
mercury  removal  increased,  indicating  removal  was  due  to  mercury  adsorbing 
onto  suspended  matter  and  being  removed  with  the  suspended  matter. 
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■  26.  Utilizing  a  water  softening  process,  60-80%  removal  of  inorganic 

19 

mercury  by  magnesium  hydroxide  at  a  pK  of  10.6-11  was  obtained.  Removal 
was  thought  to  be  related  to  mercury  adsorption  on  the  magnesium  hydroxide 
floe.  Methjrl  mercury  was  not  removed  by  softening.  At  a  lower  pH  (9.4) 
ino^gaxiic  mercury  removal  was  increased  from  30  to  50%  when  iron  coagulation 
was  used. 

27.  A  method  for  removing  ionic  mercury  from  wastewaters  by  co¬ 
precipitation  with  a  polyelectrolyte  complex  of  two  oppositely  charged 
polymers  has  been  developed  by  Wing,  et  al.  One  of  the  polymers,  starch 
xanthate,  contains  functional  groups  capable  of  forming  insoluble  metal 
complexes.  Poly  vinylbenzyltrimethylammonium  chloride  (PVBTIfAC)  was 
selected  as  a  cationic  coprecipitant  to  aid  in  a  more  complete  removal 

of  metal  ions. 

28.  Wing,  et  al^^  reports  that  removal  of  most  metals  with  starch 
xanthate-PVBTMAC  far  exceeds  that  which  can  be  attained  by  bases  alone. 
Removal  efficiencies  are  given  in  Table  2  below. 


Table  2 

Mercury  Removal  by  Chemical  Precipitation 


Chemical 

initial  cone. 

residual  cone. 

(yg/1) 

(Hg/1) 

Xan-PVBTMAC 

100,000 

3.8 

NaOH  (pH  7) 

100,000 

10,000 

NaOH  (pH  9) 

100,000 

8,140 

Wing  et  al^°  stated  this  process  has  other  inherent  advantages.  They 
are: 
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a.  Recovery  is  simple  because  treating  tbe  complex  with  mild  acid 
releases  the  metal. 

b.  The  volume  of  sludge  is  small  compared  to  that  from  lime  treatment. 

c.  The  physical  nature  of  the  sludge  is  not  gelatinous  and  the 
floe  settles  faster  and  can  be  removed  easier. 

d.  Suspended  solids  need  not  be  removed  before  treatment. 

e.  Effective  over  a  pH  range  of  3  to  11. 

f.  Only  a  slight  excess  of  reagent  is  necessary. 

Wing  et  al  also  reported  that  anionic  pol37mers  containing  thiol  groups 
may  be  effective  in  removing  mercury  since  mercury  forms  an  insoluble 
sulfide  salt. 

Ion  exchange 

21 

29.  Cheremisinoff  and  Habib  describe  an  ion  exchange  process 
using  a  strong  base  anion  exchange  resin  produced  by  using  a  tertiary 
alkyl  group.  The  wastewater  is  first  adjusted  to  a  pH  5-7  and  then 
chlorinated.  The  metallic  mercury  in  colloidal  form  is  oxidized  by 
chlorination  and  the  xrater  is  then  filtered  through  activated  carbon 
to  remove  excess  chlorine  since  the  resins  are  sensitive  to  oxidizers. 
Mercury  is  reduced  to  0.1  mg/1  after  passing  through  the  ion  exchangers 
and  is  further  reduced  to  a  few  parts  per  billion  after  passing  through 
an  absorption  tower,.  The  absorber  resin  is  not  regenerable  but  the  ion 
exchange  resin  is  using  a  sulfide  regenerant  and  nt  yields  a  rich  eluaus 
from  which  mercury  may  be  recovered  via  chemical  reduction. 
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contact  time  of  only  6  min. ,  APDC  chelation  of  the  mercury  at  pH  10 
produced  an  effluent  of  less  than  5  ppb.  Precipitation-filtration  was 
observed  when  APDC  chelation  of  the  mercury  was  employed. 

34.  Sulfurizing  agents  such  as  CS^  improved  mercury  removals  by 
activated  carbon.  In  one  study  carbon  was  soaked  with  CS^  and  dried  prior 
to  adsorption.  Water  with  a  mercury  concentration  of  1  ppm  (pH  10)  was 
treated  and  resulted  in  a  50-fold  increase  of  carbon  capacity  to  7.0  mg 
Hg  removed/g  (0.007  lb. /lb.)  carbon  in  the  isotherm  tests.  In  addition, 
removal  was  mostly  independent  of  mercury  concentration. 

Other  methods 

35.  Two  processes,  Osaka  Soda  Process  by  Crawford  and  Russell  and 
the  Ventron  System,  have  been  marketed  and  claim  acceptable  effluent 
reductions.  In  the  Ventron  System  sodium  borohydride  (NaBH^)  is  used  as  a 
reducing  agent  and  the  reduced  mercury  is  removed  through  a  cyclone 
clarifier  yielding  an  effluent  concentration  below  10  ppb.  The  Osaka  Soda 
Process  oxidizes  the  mercury  by  chlorination  followed  by  filtration  which 
reduces  the  mercury  concentration  to  5  ppm.  Ion  exchange  then  reduces  the 
concentration  to  l/40th  and  an  'MR'  resin  gives  a  final  effluent  concen¬ 
tration  of  2-5  ppb.  The  mercury  can  be  recovered  from  the  ion  exchange 
by  reduction  with  sodium  amalgam  while  the  'MR'  resin  is  discarded. 

36.  Other  methods  found  to  remove  mercury  are:  charcoal  activated 
with  dithizone  sulfurizing  agent;  mercapto-cellulose  filter;  a  patented 
system  designed  for  metals  removal  in  the  fabric  dyeing  industry  which 
uses  a  prepared  belt  of  peat',  and  sorption  of  mercury  on  waste  wool 
fibers  or  chicken  feathers. 
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Arsenic  Removal 


Chemical  precipitation 


37.  The  same  conventional  water  treatment  processes  used  to  remove 

mercury  also  remove  arsenic-  Among  the  various  coagulants  that  have  been 

16 

tested  ferric  sulfate  achieved  highest  removals,  90%.  Ferric  chloride 

23 

at  a  dose  of  30  mg/1  gave  82%  removal.  Removal  of  the  arsenic  is  via 
chemical  binding  with  the  iron  ion  rather  than  physical  adsorption. 
However,  coagulation  alone  did  not  reduce  the  arsenic  content  below  World 
Health  Organization  standards.  By  oxidation  with  15  m.g/1  chlorine  and 


then  coagulating  with  50  mg/1  of  FeCl^  only  a  trace  of  arsenic  remained 

in  the  water.  The  chlorine  appears  to  oxidize  the  FeCl^  to  a  higher 

valence  state  so  that  chemical  interchange  between  iron  ion  and  arsenic 

23 

occur s.^^  Other  coagulants  tested  were  aluminum  sulfate-32%  removal, 
lime-20%^^  to  76-80%,^^  ferrous  sulfate-24%.^^  A  pilot  plant  was  built 
using  oxidation  with  chlorine,  coagulation  with  ferric  chloride  and  sand 
filtration  with  regeneration  by  sodium  hydroxide.  A  natural  arsenic 
water  (1.72  mg/1)  treated  with  20  mg/1  CI2  and  60  mg/1  FeCl^  followed  by 
sedimentation  and  filtration  produced  a  finished  water  arsenic  free.  The 

system  was  actively  efficient  for  2  months  before  sand  regeneration  with 
23 

sodium  hydroxide. 

Adsorption 

o  / 

38.  Gulledge  and  O'Connor  tested  arsenic  removal  from  water  by 
adsorption  on  aluminum  and  ferric  hydroxides  and  reported  the  main  variables 


affecting  the  adsorption  process  were  pH  and  coagulant  dosage.  With 
increasing  coagulant  dosage  there  was  a  consistent  increase  in  the  removal 
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of  arsenic  (V)  at  all  pH  levels  (see  Table  3).  A  decrease  in  the  adsorption 

of  arsenic  at  pH  8  x<ras  noted  on  both  aluminum  hydroxide  and  ferric  hydroxide. 

This  phenomena  was  postulated  to  be  the  result  of  the  change  in  the  ionic 

-  -2 

form  of  the  arsenic  (V)  from  H^AsO^  to  HAsO^  .  Alternately  at  the  higher 
pH,  the  hydroxyl  ion  may  begin  to  compete  for  the  exchange  site  on  the 
ferric  and  aluminum  hydroxide  precipitates  (Table  3) . 


Table  3 


Arsenic  Removal  by  Ferric  and  Aluminxim  Hydroxides 


Ferric  Hydroxide 

Aluminum 

Hydroxide 

pH 

Dose  (mg/1) 

%  removal 

pH 

Dose  (mg/1) 

%  removal 

5 

10 

96.5 

5 

10 

59.0 

5 

50 

99.0 

5 

50 

91.7 

6 

•  10 

97.1 

6 

10 

74.5 

6 

50 

98.4 

6 

50 

93.6 

7.5 

10 

94.0 

7 

10 

64.5 

7.5 

50 

97.5 

7 

50 

92.0 

8 

10 

88.6 

8 

10 

18.5 

8 

50 

96.5 

8 

50 

65.5 

Initial  concentration  of  arsenic  was  . 

05  mg/1. 

39.  Nilsson' 

reported 

arsenic  removal  using  aluminima  sulfate  and 

calciim  hydroxide 

(Table  4) . 

Table 

4 

Arsenic  Removal  by  Chemical  Precipitation 


Coagulant  Arsenic  Concentration  (ppm) 


Influent  Effluent 

aluminimi  sulfate  4.2  1.2-1. 7 

Ca(0H)2  . 4.2  0. 1-2.0 
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40.  Bellack^®  while  investigating  ilnoride  removal  with  activated 
noticed  arsenic  removal  was  also  accomplished.  Based  on  data 
from  a  pilot  plant  with  a  flow  rate  of  2.5  to  3  gpm  the  arsenic  conld  be 
reduced  from  0.06  mg/1  to  0.005-.007  mg/1.  When  the  effluent  concentra¬ 
tion  reached  0.01  mg/1  the  column  was  regenerated  using  4  bed  volumes  of 
17.  sodium  hydromlde  solution  followed  by  8  bed  volumes  of  raw  water  then 
1  bed  volume  of  0.05  K  sulfuric  acid  and  finally  1  bed  volume  of  raw 
water.  Bellack  found  that  by  reducing  the  pK  of  the  water  from  9.3  to 
7.1  and  increasing  the  caustic  volume  the  removal  efficiency  increased. 
Since  the  removal  is  a  cyclic  process  the  effluent  concentration  will- 
increase  with  time.  When  the  effluent  reached  an  arsenic  concentration 
of  0.01  ppm  regeneration  procedures  ware  instituted.  The  arsenic  content 
was  reduced  from  0.106  ppm  to  an  average  of  0.006  ppm  for  the  total  amount 
of  water  treated  before  regeneration.  The  fluoride  concentration  of 
the  effluent  was  found  to  be  0.4  ppm. 

Nitrate  Removal 

41.  Most  of  the  work  conducted  in  the  past  on  nitrate  removal  has 
been  associated  with  overall  nitrogen  removal  from  domestic  wastewater. 
The  principal  technique  used  for  nitrate  removal  has  been  biological 
denitrification  where  nitrate  is  reduced  to  nitrogen  gas  by  heterotrophic 
organisms  utilizing  organic  sources  of  carbon  for  energy  and  growth.  The 
epeoles  of  organisms  responsible  for  denitrification  dholude  _Pseudomona3 


Achromobacter ,  Bacillus ,  and  Micrococc^. 


27 
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Another  nitrate  removal  technique  which  has  received  limited  use  is 
ion  exchange.  This  technique  is  still  considered  to  be  under  develop¬ 


ment. 


Biological  denitrification 

42.  Most  of  the  work  conducted  on  biological  denit j.ifncaL.ion  has 

indicated  a  need  for  an  external  source  of  carbon  for  the  denitrifying 

organisms  because  most  of  the  available  carbon  has  been  oxidized  in 

previous  treatment  processes.  Methanol  has  received  wide  application  as 

a  supplementary  source  of  carbon.  A  number  of  relationships  have  been 

28,29,30 

developed  for  estimating  methanol  requirements. 

43.  English^^  investigated  the  effects  of  temperature  and  dissolved 
oxygen  on  methanol  requirements  for  effective  denitrification  using  two 
types  of  continuous  flow  reactors,  packed  column  and  suspended  growth. 


The  study  indicated  that  the  optimum  methanol/nitrate  nitrogen  ratio 
for  both  reactors  was  between  2/1  and  3/1  at  approximately  25°C.  Using 
these  ratios,  a  removal  efficiency  in  excess  of  90%  was  obtained.  The 
study  concluded  that,  based  on  retention  time  only,  the  packed  column 
reactor  (15  minutes  retention)  is  a  more  efficient  denitrifying  unit 
than  the  suspended  growth  reactor  (210  minutes  retention) . 

44.  Smith,  et  al^^  obtained  90%  denitrification  in  pilot  studies 
using  packed  columns  with  a  surface  loading  of  7.0  gpm/ft^  at  an  average 
temperature  of  27°C.  A  contact  time  of  5  minutes  was  used  for  coarse  sand 


and  a  contact  time  of  15  minutes  was  used  for  3/4  inch  stones 
methanol/nitrate  ratio  was  found  to  be  2.5/1. 


The  optimimi 
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oo 

45.  In  another  study  using  larger  media,  1  to  2  inch  aggregates, 
in  an  upflow  process,  nitrate  reduction  exceeding  90%  was  achieved  using 
a  contact  time  of  from  1  to  2  hours.  The  optimum  methanol/nitrate  ratio 
was  found  to  be  3/1. 

Ion  exchange 

46.  Information  on  the  use  of  ion  exchange  for  nitrate  removal  is 

limited.  A  nitrate  specific  ion  exchange  resin  was  reported  developed 
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which  used  selected  primary  amines  in  polystyrene.  Regeneration  was 
achieved  using  IN  HCl.  The  report  indicated  that  nitrate  was  adsorbed 
quantitively  from  feed  solutions  containing  five  times  as  much  chloride 
ions  as  nitrate  ions.  High  concentrations  of  other  anions  in  a  waste- 
water  may  severely  limit  the  adsorbtive  capacity  of  the  resin  with  respect 
to  nitrate  ions. 

Other  Contaminants 

47.  Of  the  contaminants  listed  with  suggested  limits  in  Table  1, 
iron  and  manganese  are  the  only  two  that  are  generally  considered  economi¬ 
cally  feasible  to  remove.  The  most  popular  removal  techniques  are  oxi¬ 
dation  and  chemical  precipitation.  The  other  contaminants  generally 
require  more  expensive  removal  techniques  such  as  reverse  osmosis,  electro¬ 
dialysis,  distillation,  or  freezing.  These  processes  are  total  removal 
processes  and  have  not  generally  proven  economically  feasible  for  high 
volume  treatment. 
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Results  of  Literature  Review 

48.  Certain  candidate  removal  processes  for  fluoride,  mercury,  arsenic, 
and  nitrate  are  listed  in  Tables  5,  6,  7,  and  8  respectively.  Comments 

as  to  the  advantages  and  disadvantages  of  each  process  are  included. 

Table  9  compares  relative  efficiencies  of  the  processes  considered  to 
be  most  likely  candidates  for  fluoride,  mercury,  and  arsenic.  Nitrate 
is  not  included  since  it  will  probably  require  a  separate  treatment  process 
if  concentrations  above  the  mandatory  limit  are  found  in  the  effluent 
from  the  total  treatment  system. 

49.  Based  on  the  literature  review,  activated  alumina  or  tricalcium 
phosphate  treatment  appear  to  be  the  most  feasible  processes  presently 
proven  for  fluoride  removal.  Activated  alumina  has  also  been  shown  to 
efficiently  remove  arsenic.  Tricalcium  phosphate  efficiently  removes 
fluoride  and  may  possibly  remove  mercury  since  mercury  forms  slightly 
insoluble  complexes  with  phosphate,  but  will  not  likely  be  effective  in 
removing  arsenic.  Lime  is  a  possible  candidate  for  removing  high  con¬ 
centrations  of  fluoride,  mercury,  and  arsenic,  but  generally  will  not 
result  in  concentrations  below  the  mandatory  limits.  Activated  carbon 

is  not  recommended  as  a  pretreatment  process  since  a  pH  of  3  must  be 
obtained  to  promote  high  removal  efficiencies  for  both  fluoride  and  mercury. 
This  low  pH  would  not  be  advantageous  to  the  UV/ozone  system.  A  carbon 
system  generally  would  not  effect  arsenic  and  would  require  neutralization 
of  the  effluent.  Polyelectrolytes  such  as  xanthate-PVBTMAC  are  highly 
efficient  for  mercury  and  other  metals  and  could  provide  some  fluoride 
removal  by  adsorption  on  the  surface  of  a  resulting  precipitate. 
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Table  5 

Fluoride  Removal  Efficiencies 


Treatment  Efficiency 

Calcium  Precipitation  F 

(Lime  or  CaCl2) 

Alum  Precipitation  F 

Activated  Aliamina  E 


Ion  Exchange  E 

(Anionic) 

Calcium  Phosphate  E 

Tricalcixim  Phosphate  E 

Bone  Char  E 

Reverse  Osmosis  E 

Electrodialysis  E 


Ultrafiltration 


Distillation  E 

Freezing  E 


Comments 


Minimum  effluent  concentrations 
generally  above  standard.  Requires 
neutralization  of  water. 

High  volume  of  sludge  produced. 

Disposal  of  regenerant 
Capacity  is  much  higher  than  for 
other  processes  when  regenerated 
with  alum. 

Disposal  of  regenerant 
Interferances  by  chlorides  for 
certain  resins . 

May  be  effective  in  mercury  removal 
Capacity  decreased  with  high 
concentrations  of  sulfates 

May  be  effective  in  mercury  removal 
Capacity  decreased  with  high 
concentrations  of  sulfates 

May  be  effective  in  mercury  removal 
Capacity  decreased  with  high 
concentrations  of  sulfates 

Total  removal  process  therefore 
not  economically  feasible  because 
of  high  total  dissolved  solids 

Total  removal  process  therefore 
not  economically  feasible  because 
of  high  total  dissolved  solids 

Total  removal  process  therefore 
not  economically  feasible  because 
of  high  total  dissolved  solids 

Not  economically  feasible  for 
high  volume  treatment 

Not  economically  feasible  for 
high  volume  treatment 


E  =  excellent  F  =  fair  P  -  poor 
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Treatment 


Table  6 

Mercury  Removal  Efficiencies 


Efficiency 

Activated  Carbon  P 

Ion  Exchange  E 

(Cationic) 

Chemical  precipitation 


Ferric  Sulfate  F 
Alum  E 
Lime  E 
Magnesium  Hydroxide  F 
Ferric  Chloride  E 
Polyelectrolytes  E 


Hydrogen  Sulfide  E 

Reverse  Osmosis  E 

Electrodialysis  E 

TJltrafiltration  E 


Distillation  E 

Freezing  E 

E  =  excellent  F  =  fair  P 


Comments 


Low  pH  required 

May  require  pH  adjustment 
Regenerant  disposal  required 

Does  not  remove  methyl  mercury 
Must  be  proceeded  by  oxidation 

May  increase  sulfate  concentrations 

Turbidity  dependent 

High  pH  required 

High  pH  required 

May  increase  chloride  concentrations 

Starch  xanthate-PVBTMAC  far  exceeds 
removal  by  bases  alone 
Effective  over  wide  pH  ranges 
Low  volume  of  sludge  produced 

Traces  of  sulfides  in  effluent 

Total  removal  process  therefore 
not  economically  feasible  because 
of  high  total  dissolved  solids 

Total  removal  process  therefore 
not  economically  feasible  because 
of  high  total  dissolved  solids 

Total  removal  process  therefore 
not  economically  feasible  because 
of  high  total  dissolved  solids 

Not  economically  feasible  for 
high  volume  treatment 

Not  economically  feasible  for 
high  volume  treatment 

=  poor 
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Treatment 


Table  7 

Arsenic  Removal  Efficiencies 


Efficiency 

Activated  Carbon 
Activated  Alumina  E 

Ion  Exchange  F 

Chemical  Precipitation 

Ferric  Chloride  E 


Ferric  Sulfate  F 

Alum  F 

Lime  F 

Polyelectrolytes  E 

Ferric  Hydroxide  E 

Hydrogen  Sulfide  F 

Magnesium  Hydroxide  F 

Reverse  Osmosis  E 

Electrodialysis  E 

Ultrafiltration  E 

Distillation  E 


Freezing  E 

E  =  excellent  F  =  fair  P 


Comments 


Also  removes  fluorides 


Cannot  reduce  to  required  standards 

Can  reduce  to  required  standards 
in  combination  with  oxidation 
by  chlorine 

Most  effective  of  common  coagulants 


Total  removal  process  therefore 
not  economically  feasible  because 
of  high  total  dissolved  solids 

Total  removal  process  therefore 
not  economically  feasible  because 
of  high  total  dissolved  solids 

Total  removal  process  therefore 
not  economically  feasible  because 
of  high  total  dissolved  solids 

Not  economically  feasible  for 
high  volume  treatment 

Not  economically  feasible  for 
high  volume  treatment 

=  poor 
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Table  8 

Nitrate  Removal  Efficiencies 


Treatment 


Efficiency 


Comments 


Biological  Denitrification  E 


Requires  removal  of  toxic 
substances  in  pratreatment  process 


Ion  Exchange 


F  Disposal  of  regenerant 

Interferences  by  chlorides  and 
other  anions 


E  =  excellent  F  =  fair  P  =  poor 
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Table  9 

Comparison  of  Removal  Efficiencies  of  Candidate  Processes 


Treatment 


Fluoride 


Mercury 


Arsenic 


Lime 


E  E  E 

at  high  influent  at  high  influent  at  high  influent 

concentrations  concentations  concentations 


Activated  Alumina  E 
Iron  Salts  X 
Tricalcium  Phosphate  E 
Sulfides  X 
Xanthate-PVBTMAC  X 


Ozone  Off-gas  Oxidation 
and  Dolomitic  Lime 


X  E 

E  E 


* 


X-. 


*  * 

E  * 


E  =  excellent 
F  =  fair 
*  =  possible 
X  =  none 


25 


METHODOLOGY 


50.  The  laboratory  inorganic  treatability  studies  will  be  conducted 
on  a  step-wise  basis.  Based  on  the  literature  review,  the  simplest  and 
most  economical  processes  will  be  investigated  first.  The  results  of 
the  initial  tests  will  be  used  to  determine  the  need  to  conduct  studies 
on  more  complicated  and  expensive  processes.  If  no  one  process  proves 
successful  at  removing  the  contaminants  having  mandatory  limits,  then  process 
trains  will  be  investigated.  Analyses  ■will  be  conducted  for  the  various 
contaminants  for  all  the  processes  studied  in  order  to  provide  information 
on  the  removal  or  increase  in  concentration  of  contaminants  in  each  treat¬ 
ment  process. 

Chemical  Precipitation 

51.  A  number  of  chemical  precipitation  processes  will  be  investigated. 
EMA  personnel  will  conduct  studies  on  the  use  of  air,  oxygen,  and  oxygen/ 
ozone  for  oxidation  of  metals.  Each  gas  will  be  sparged  into  samples  of 
Well  118  water  for  increasing  periods  of  time  and  the  precipitate  volume 
generated  will  be  recorded  for  each  test.  Precipitate  volume  will  be 
plotted  against  time  to  determine  optimum  contact  time  for  maximum  pre¬ 
cipitation  for  each  gas.  This  information  will  be  expressed  as  gas  flow 
per  unit  volume  of  water. 

52.  Standard  settling  tests  will  be  conducted  to  determine  settling 
characteristics  of  the  precipitate  formed.  Liquid  and  precipitate  samples 
will  be  collected  from  these  runs  for  metal  analysis  and  organic  analysis. 
These  tests  will  indicate  the  metals  being  precipitated  along  with  the 
amount  of  organic  matter  being  removed  with  the  precipitate. 
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53.  Additional  laboratory  tests  will  be  conducted  using  caustic, 
lime,  and  lime/soda  ash  to  initiate  precipitation  of  metals.  These  tests 
will  be  conducted  using  standard  jar  tests.  A  series  of  Well  118  samples 
will  be  placed  on  a  gang  stirrer  and  varying  amounts  of  chemicals  will 
be  added  to  the  samples.  Results  from  these  tests  will  indicate  the 
optimum  dosage  rates  for  each  of  the  chemicals. 

54.  After  the  optimum  dosing  rates  have  been  determined,  standard 
settling  tests  will  be  conducted  to  determine  settling  characteristics 

q£  precipitate  formed.  Liquid  and  precipitate  samples  will  be  collected 
for  analysis.  These  results  will  be  used  to  determine  the  applicability 
of  the  different  processes  for  inorganic  removal  from  Well  118  water. 

55.  Another  process  to  be  investigated  incorporates  the  addition 

of  phosphoric  acid  and  lime  to  form  apatite.  This  mineral  can  incorporate 
anions  such  as  fluoride  and  chloride  as  well  as  providing  a  surface  for 
adsorption  of  other  ions.  Samples  of  Well  118  water  will  be  subjected 
to  chemical  addition  of  varying  amounts  of  phosphoric  acid  and  lime  in 
varying  sequences.  After  the  precipitate  formed  settles,  samples  will  be 
obtained  for  analysis.  Addition  of  polyelectrolytes  will  be  investigated 
to  help  promote  settling  of  the  precipitate. 

Activated  Altimina 

56.  The  next  process  investigated  will  be  activated  alumina.  A 
series  of  isotherms  will  be  conducted  on  Well  118  water  using  varying 
amounts  of  activated  alumina.  Samples  of  water  will  be  stirred  for  6  hours 
with  activated  alumina  after  which  samples  will  be  obtained  for  analysis. 
Results  will  be  used  to  generate  isotherm  plots  which  will  provide  informa- 
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tion  on  the  amount  of  contaminants  adsorbed  per  unit  weight  of  activated 
alumina . 


Other  Treatment  Processes 

57.  At  the  conclusion  of  these  tests,  a  review  of  the  results  will 
be  made  to  determine  if  other  studies  are  warranted.  If  these  processes 
are  not  successful  in  reducing  contaminant  concentrations  below  mandatory 
limits,  other  treatment  processes  will  be  investigated.  These  processes 
will  include  first,  those  which  are  specific  to  the  contaminants  not' 
successfully  removed  by  previously  studied  processes,  and  finally  expensive 
processes  which  involve  non-specific  removal  of  ions  such  as  reverse  osmosis, 
electrodialysis,  ultrafiltration,  distillation,  and  freezing. 

Application  of  Information  Obtained 

58.  The  results  obtained  from  the  studies  will  be  used  to  provide 
design  and  cost  information  for  scaled-up  systems.  A  design  for  a  field- 
scale  system  based  on  the  most  applicable  treatment  process  for  use  with 
either  the  field  UV/ozone  system  or  activated  carbon  system  will  be  deve¬ 
loped.  Also,  an  attempt  will  be  made  to  use  the  information  obtained  from 
the  studies  to  develop  a  mathematical  model  or  models  of  the  most  applicable 
process  or  processes. 

Analysis 

59.  Inorganic  and  organic  analyses  will  be  conducted  on  samples  as 
indicated  previously.  These  analyses  will  include  but  not  be  limited  to 
the  following: 
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a.  Organic 

(1)  DIMP 

(2)  DCPD 

(3)  Pesticides 

(4)  TOC  (Total  Organic  Carbon) 

b.  Metals 

(1)  Iron 

(2)  Mercury 

(3)  Arsenic 

(4)  Manganese 

(5)  Calcivm 

(6)  Magnesium 

(7)  Sodium 

c.  Others 

(1)  Chloride 

(2)  Fluoride 

(3)  Sulfate 

(4)  Nitrate 

(5)  Phosphate 

Samples  will  be  collected  and  analyzed  according  to  Standard  Methods. 

60.  The  Analytical  Laboratory  Group  (ALG)  at  WES  will  conduct 
jQQSt  of  the  analysis  on  the  various  samples.  The  Material  Analysis 
Laboratory  Division  (MALD)  at  KMA  will  provide  back-up  support  and  quality 
control  testing. 
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SCHEDULING 


61.  The  inorganic  treatment  study  schedule  was  provided  in  the 
initial  test  plan.  The  bench-scale  studies  were  scheduled  to  start 
in  April  1978  and  continue  through  September  1978  with  a  svimmary  report 
being  prepared  during  September  1978.  The  study  as  outlined  should  be 
complete  by  the  end  of  September  1978. 
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Aberdeen  Proving  Ground,  Maryland  21010 


Subject  Draft  Test  Plan  is  forwarded  for  your  review  and  comment. 
FOR  THE  COMMANDER 

*'.**,.  .  .  ■v-  V.  ■ 

*.*■'•?*’*  V .  ■ 

-  •  .  m.  glassman 


1  Incl 
as 


Director  of  IR 


SIMIARY  OF  ACTION  Suspense  Control -Number: 

_ CPara  2-10.  AR  340-151 _ _ 

SUBJECT:  Draft  Test  Plan  for  Determination  of  Treatability  Office  Symbol: 
of  Various  Source  Waters  with  Activated  Granular  DRCPM-DRR 
Carbon  Date: 

_  . _  21  Feb  78  _ 

PURPOSE  OF  ACTION:Transmit  format  guidelines  for  preparation  of  IR  Decon  Tech  test  plan. 

KENDRANDUM  FOR  RECORD  (List  references,  describe  briefly  background  §  discussion  and  give 

recommendation.) 

REFERENCES: 

Ltr,  SARRM-IR,  RMA,  2  Dec  77,  SAB  (TAB  B). 

BACKGROUND  §  DISCUSSION: 

1.  REceipt  by  this  office  of  vastly  different  quality  test  plans  has  prompted 
foimulation  of  guidelines  for  preparation  of  Decontamination  Technology  test  plans. 

These  giaidelines  are  conpatible  with  ITARMS  reporting/resource  allocation  requirements 
and  as  such  will  be  incorporated  into  the  revised  RMA  project  plan  and  general 
Decontamination  Technology  ITARMS. 

2.  TAB  B  requested  review  of  a  draft  test  plan  for  determination  of  treatability  of 
various  source  waters  with  activated  granular  carbon  (task  no.  1.05.11).  Test  plan 
guidelines  are  being  transmitted  to  RMA  to  aid  in  finalizing  their  carbon  plan. 

RECOMMENDATIONS: 

Approval  and  signature  of  1st  Ind  (TAB  A) . 


Review  of  these  guidelines  by  the  ITARMS  coordinator,  Mr.  R.  Snyder,  to  determine 
applicability  for  general  IR  implementation. 


CDIR  Form  6,  1  Jan  77 


S:  1  i.&r  78 


DRCFri-DPJ<:  (2  Dec  77)  1st  Ind 

SUBJECT:  Draft  Test  Plan  for  Deterrdnation  of  Treatability  of  Various 
Source  Waters  with  Activated  Granular  Carbon 

DA,  Office  of  the  Project  Pkiiager  for  Chemical  Demlitarization  and 
Installation  Restoration,  ^Xberdeen  Proving  Ground,  hD  21010 

TO;  Coirarander,  Rocky  Mountain  Arsenal,  ATHh  SARI^-l-IR,  Commerce  City, 
CO  80022  '  2  2  FEB  i37 

1.  Hie  follo^^ring  comments  are  provided  in  accordance  with  basic 
correspondence . 


a.  The  draft  test  plan  provided  represents  a  sound  approach  to  apply 
the  activated  carbon  process  to  contaminant  migraticsi  source  waters  at 
Rocky  Ivfountain  Arsenal  (Rf'A) .  Because  this  office  has  recently  received  • 
many  test  plans  of  vastly  different  format  and  information  content. 
Inclosures  2  and  5  (Format  Guidelines  for  Preparation  of  IR  Decontamination 
Teclmology  Test  Plans  and  sairple  plan)  are  provided  for  guidance  in 
finalizing  your  granular  carbon  plan. 

b.  Specific  comments  are  provided  below. 

(1)  Para  3b  (2):  All  isotlieiras  with  narrative  interpretation  should 
be  forwarded  to  tiiis  office  for  review  rpon  completion  of  the  adsorption 
isotherm  study. 

(2)  Para  3c  (1) :  Periodic  sarples  of  influent  and  effluent  column 
streams  should  be  analyzed  for  characterization  of  organic  and  inorganic 
constituents.  The  organic  fraction  should  be  analyzed  via  a  GC-I-S  'ringer- 
print'-  to  guide  analyses.  Hie  inorganic  constituents  should  be  deteimined 
via  arialysis  specific  to  each  contaminant.  Ail  information  should  be 
retained  to  eliciiriate  future  dip lications  of  effort. 

(3)  Para  4:  Investigation  of .  treatabilit)''  of  Basin  A  source  waters 
should  be  initiated  as  soon  as  possible  after  well  no.  118  testing  is 
initiated.  Time-pliased  parallel  activities  should  be  pursued. 

2.  The  final  revised  siibject  test  plan  should  be  forwarded  to  tliis  office 
IdiT  1  iviar  78  for  approval.  Until  that  tinie,  efforts  should  be  maintained 
in  meeting  scheduled  irdlestones. 


2, 


DHCEf-m  (2  Dec  77)  1st  Ind  £  ^  t-c:.  ss/d 

SuBJDCT;  Draft  Test  Plati  for  Detetriiriation  of  Treatability  of  Varioiis 
Source  l%ters  with  Activated  Granular  Carbon 


3.  It  is  requested  that  all  future  Decontajrdiiation  Technology  Test  Plans 
(ITAKvS  I’ask  rb.  1.05)  either  prepared  by  your  office  or  forwarded  througn 
your  office  folloxv  guidelines  presented  in  Tnclosure  2. 


FOR  lEE  PRiXJECT  liANAGER: 


2  Incl 
wd  incl  1 
A-dded.  2  incl 
2-3.  as 


DAIDN  D.  WINGFIELD 
Colonel,  CndC 

/.ssistant  Project  Flanager  fpr 
Installation  Restoration 


3 


SUNfRRY  OF  ACTION 

_ CPara  2-10.  AR  340-15 


SUBJECT:  Test  Plan  for  Preliminary  Study  of  Inorganic 

Contaminant  Removal  from  RI.1A.  Groundwater 


Suspense  Control  •  Number : 


Office  Symbol: 


Date: 

2  Mar  78 


PURPOSE  OF  ACTION:  Transmit  format  guidelines  to  WES  for  preparation  of  IR  Decon  Tech 

test  plans. _ 


MENDRANDUM  FOR  RECORD  (List  references,  describe  briefly  background  §  discussion  and  give 

recommendation.) 

REFERENCES: 

Draft  copy  of  subject  plan  provided  this  office  23  Feb  78  (Incl  1). 

BACKGROUND  8  DISCUSSION: 

1.  Receipt  by  this  office  of  vastly  different  quality  test  plans  pronpted 
formulation  of  guidelines  for  preparation  of  Decon  Tech  test  plans.  These  have 
been  transmitted  to  RMA  under  separate  cover  on  22  Feb  78. 

2.  Test  plan  guidelines  are  being  transmitted  to  WES  to  aid  in  finalizing  their 
inorganic  treatability  plan. 

RECOMMENDATIONS: 

Approval  and  signature  of  TAB  A. 


^  CLAJU 


Coordinations 


Name 


(Continue  on  Separate  Sheet)  _ 

II  FRONT  OFFICE  .APPROVATS 
I.NITIALS  1 1  I  INITIALS  I  Da^ 


WESSV 


l2hPR  78 


SUBJECT:  Test  Plan  Inorganic  Grovindwater  Treatment 


Project  Manager 

Chemical  Demilitarization 

and  Installation  Restoration 

ATTl:  Mr.  Don  Campbell 

Aberdeen  Proving  Groimd,  MD  21010 


Three  copies  of  "Test  Plan  for  Preliminary.  Study  of  Inorganic  Contamanant 
Removal  from  RMA  Groimdwater"  are  inclosed  for  your  review  and  approval 
(Incl  1). 

FOR  THE  COMMANDER  AND  DIRECTOR: 


1  Incl 
as 


F.  R.  BROWH 
Engineer 

Technical  Director 


DEPARTMENT  OF  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION.  CORPS  OF  ENGINEERS 
P.  O.  BOX  631 

VICKSBURG.  MISSISSIPPI  39180 


IN  REPLY  REFER  TOt  WESSV  1 

12APR78 

SUBJECT:  Test  Plan  for  Inorganic  Groundwater  Treatment 


Project  Manager 

Chemical  Demilitarization 

and  Installation  Restoration 

ATTN:  Mr.  Don  Campbell 

Aberdeen  Proving  Ground,  MD  21010 


Three  copies  of  "Test  Plan  for  Preliminary  Study  of  Inorganic  Contaminant 
Removal  from  RMA  Groundwater"  are  inclosed  for  your  review  and  approval 
(Incl  1). 

FOR  THE  COMMANDER  AND  DIRECTOR: 


- 

F.  R.  BROWN 
Engineer 

Technical  Director 


1  Incl 
as 


D.  Cr^dMPBELL/ljin/2556 


3  MAR  ]978 


•  U  i 


'est  Plan  for  Fre-llirdnaiy  Study  of  Inorganic  Contaminaa-it , 
feiiiovai  £ro!3  Kocly  Mountain  Arsenal  Groundwater 


Coinmaiider  and  Director 
US  Amy  Sigineer  ivaterways 
jdoeriinent  Station 
ATlin  IvESSy 
PO  Box  631 

Vicl3burg,  I'S  391S0 


1.  Reference  is  rjade  to  draft  copy  of  subject  plan  provided  this  office 
on  23  Feb  78  (Incl  1) . 


2.  Hie  draft  test  plan  proidded  represents  a  sound  approach  to  apply 
iiiorgardc  contar.dnaiit  removal  processes  to  contaminated  source  v;aters 
at  Rociy  ilbuatain  Atserjal.  Because  this  office  has  recently  received 
rany  test  plans  of  vastly  different  fomiat  and  informatics  content. 
Inclosures*  2  and  3  (Fomat  Guidelines  for  Prepa-ation  of  IR  Decontamination 
Technology  Test  Plans  and  sample  plan)  are  provided  for  guidance  in 
finalizing  subject  plan.  The  final  test  plan  should  be  forwarded  to  this 
office  hliT  13  iJar  78  for  approval.  Liitil  that  time,  efforts  should  be 
maintained  iii  meeting  sclieduled  milestones. 


3.  It  is  requested  that  all  future  Decontamination  Technology  Test  Flans 
(IT/PI-E  Task  Kc.  1.05)  either  prepared  by  your  office  or  fomvarded  through 
your  office  fellow  guidelines  presented  in  Inciosure  2. 

FOR  THE  PROJECT  MANAGER: 


l}A>m  D.  WII'«IFIEIX= 

Colonel,  GmlC 

Assistant  Project  I'^nger  for 
Installation  Restoration  , 


3  Inci 
as 


B.  CaiiK)bell/ljin/2556 


mCSi-BRR  (12  Apr  78)  ist  Iiid  .  ^ 

SUBJECT;  Test  Plan  for  Inorganic  Groundx'/ater  Treatment 


DA..  Office  of  the  Project  Pknager  for  Cheraical  Dei;iilitarizati<m.  a^_ 
^tilation  Restoration,  ^Aberdeen  Proving  Grourid,  PS  21010  1978^ 

DJW, 


ID;  Commander  and  Director,  US  Army  Engineer  Watervv-ays  Ej^eriment,  Station, 

AITlh  unESSv%  PO  Box  631,  Vicksburg,  VB  39180  AWAX"'^^' 

Subject  Test  Plan  approved. 


FOR  THE  PROJECT  IkUAGER: 


DDW. 


Signed 


1  Incl 
nc 


DAPON  D.  WI13GFIELD 
Colonel,  CMC  . 

Avssistant  Project  I'lanager  for,. 
Installation  Restoration 


2 


SUNWARY  OF  ACTION 
Para  2-10,  AR  340-15 


SUBJECT:  Water  Treatment  Process  Development  for  RNA 


Siispense  Control  Number; 


Office  Symbol: 

DRCPM-DRR 


Date:  _ 

2Z_J«3r-7r- — 


PURPOSE  OF  ACTION:  Establish  meeting  dates  and  tentative  agenda,/©^  Dam 


MENDRANDUM  FOR  RECORD  (List  references,  describe  briefly  background  §  discussion  and  give 
REFERENfiR^^:  recommendation.) 

1.  Ltr,  DRCPM-DRR,  5  Apr  78,  subj;  Management  Plan  for  Installation  Restoration 
Project  at  RMA  (TAB  B) 

2.  Mtg  with  DPM  CDIR,  11-12  Apr  78,  subj:  Management  Plan  for  Installation  Restoration 
Project  at  RMA. 

BACKGROUND  8  DISCUSSION: 

1.  In  referenced  meeting,  DPM  CDIR  requested  that  a  DPM  CDIR  decision  point  be 
inserted  into  the  RMA  IR  program  plan  prior  to  progressing  from  individual  water 
treatment  process  development  (i.e.,  granular  carbon,  ultraviolet  light/ozone,  etc.) 
to  combination  process  development.  Individual  treatability  studies  will  be  con^jleted 
by  the  end  of  FY78.  Therefore,  a  decision  by  the  DPM  CDIR  has  been  tentatively  set 
for  29  Sep  78. 

2.  Inclosed  letter  at  TAB  A  establishes  a  date  and  agenda  for  a  Technical  Status 
’’eview  on  1^  Sep  78.  The  briefing  will  be  for  the  PM  CDIR  staff  to  provide  sufficient 

xkground  in  making  the  aforementioned  program  decision. 

RECOMnEMDATIONS: 

Approval  and  signature  of  letter  at  TAB  A. 


Coordinations 


Name 


(Continue  on  Separate  Sheet) 


FRONT  OFFICE  .APPROVALS 


INITIALS  II  INITIALS  Date 


C,  PND 


.-._i:ion  Officer  (Name,  Telephone  Ext  8  Signature) 
D.  CAMPBELL,  2556 


CDIR  Form  6,  1  Jan  77 


T^ATERWS  EXPERIMENT  station 
ENVIRONMENTAL  LABORATORY 
TREATMENT  PROCESS 
RESEARCH  BRANCH 


UV/OZONE 

PRODUCTS  IDENTIFICATION  STUDY 


Robert  E.  Buhts 
CPT,  CE 


PROGRESS  REPORT 
2  Aug  78 


The  UV/O^  products  identificatioTi  study  is  tasked  with  obtaining 
experimental  evidence  indicating  the  effect  UV/ozone  has  on  several 
chemical  substances  in  water.  The  compounds  studied  thus  far  have  been 
diisopropylmethylphosphonate  (DIMP) ,  dicyclop entadine  (DCPD) ,  Aldrin  and 
Dieldrin. 

The  difficulties  encountered  to  date  involve  the  insolubility  of  the 
compounds  in  the  reaction  medium  Cwater)  and  the  hydrophilicity  of  the 
UV/ozone  reaction  products.  It  is  hard  to  follow  a  chemical  reaction 
unless  an  appreciable  amount  of  initial  reactant  can  be  used.  The  . 
investigatory  process  is  further  complicated  when  the  reaction  products 
take  refuge  in  the  solvent  medium.  The  combined  obstacle  of  low  reactant 
and  high  product  solubility  is  difficult  to  surmount. 


Diisopropylmethylphosphonate 

When  DIMP  is  subjected  to  UV/ozone  in  aqueous  media  tbe  expected 
reaction  is 


\ 


3  I  OH  ^ 


OH 

I 


/;> 


IMPA 


Acicl 


Experimentally,  we  have  observed  a  rapid  decrease  in  DIMP  concentrations 
(72  ppm  to  2.5  ppm  in  2  hours).  A  corresponding  buildup  of  phosphoric 


acid  is  not  observed  until  after  3  hours  of  reaction.  The  data  indicates 
that  the  organophosphorous  intermediates  IMPA  and  MPA  are  being  formed. 
MPA  then  undergoes  a  relatively  slower  reaction  with  UV/ozone  and  is 
converted  to  inorganic  phosphorous. 

Attempts  are  currently  underway  to  determine  the  IMPA  and  MPA 
concentrations  using  ion  chromatography.  The  additional  organic 
products  from  this  reaction  would  include  isopropyl  alcohol  which  would 
be  oxidized  to  acetone  and  it  in  turn  to  acetic  acid.  Formic  acid  would 
also  be  produced  from  oxidation  of  the  methyl  group  in  MPA.  Only  acetic 
and  formic  acid  would  be  detectable  and  both  of  these  substances  have 
been  identified  by  Dr.  Grabbe  (formerly  of  MALD)  as  arising  from  UV/ozone 
oxidation  of  DIMP  during  previous  studies. 


Aldrin  and  Dieldrin 

We  have  established  that  UV/ozone  oxidation  of  both  compounds 
produces  CO^  as  indicated  by  the  formation  of  BaCO^  upon  bubbling  the 
reaction  off  gases  through  BaCl^  solution.  A  lowering  of  the  reaction 
solution  pH  also  indicates  formation  of  carbonic  acid  (H^CO^)  and 
perhaps  hydrochloric  acid  (HCl) .  We  have  also  determined  that  the 
initial  UV/ozone  product  of  Aldrin  is  Dieldrin: 


Ald/LfSJ 


Dicyclbpentadiene  (DCPD) 

This  insoluble  and  volatile  compound  reacts:  with,  ozone  to  produce 
a  white  aerosol  above  the  reaction  solution  and  a  xiihite  precipitant 
within.  The  white  solid  formed  is  a  mixture  of  aldehydes  and  acids.  The 
initial  ozonolysis  reaction  appears  to  focus  on  the  cyclopentene  ring 


in  DCPD: 


AcUs 


Preliminary  results  indicate  that  the  bicyclic  portion  of  the  molecule 
remains  intact  during  the  early  stages  of  the  reaction.  This  would  be 
expected  since  the  2-3  double  bond  is  more  sterically  hindered  than  the 
6-7  bond  which  reacts. 

Laboratory  work  is  continuing  with  particular  emphasis  being  placed 
on  the  products  formed  during  the  first  two  hours  of  reaction  time.  Results 
on  the  UV/ozonation  of  p-chlorophenylmethylsulfone  were  xmavailable  for 
inclusion  in  this  report. 

It  is  doubtful  that  the  Products  I.  D.  Study  will  be  entirely 
completed  by  30  Sep  78.  Significant  slippage  has  occurred  because  of 
the  projects*  late  start  and  the  subsequent  loss  of  Dr.  Grabbe  s  services. 

I  do  anticipate,  however,  that  a  thorough  characterization  of  the  DIMP 
and  DCPD  reactions  will  be  completed  on  schedule. 


Table 

Effectiveness  of  Lime  and  Soda— ash  Treatment 
of  EMA  Groundwater 


Water  Quality 
Parameter 

Piimp  ;Well  No. 

Ii8*' 

Untreated 

Excess  Lime** 

--  Soda-ash  added 
after  Lime 

pH 

7.0 

10.5 

10 

Total  Alkalinity t 

870 

no 

380 

Total  Hardnesst 

2980 

2200 

425 

Calcium  Hardnesst 

1680 

1340  . 

110 

Fluoride 

4 

0.4 

0.3 

Chlorides 

3250 

3250 

2275 

Sulfates 

1325 

1512 

1490 

Calcium 

675 

488 

22 

Iron 

17 

0.05 

<0.5 

Magnesium 

360 

215 

75 

Manganese 

26 

.  ,0.13 

0 

Sodium 

1750  :  \ 

. 1850  . 

:  .  2650 

*  All  values  expressed  in  mg/1  except  pH 
t  As  CaCO^ 

**  As  CaO 


1 


'1 


<IN 


Table 


Effectiveness  of  Lime-'Soda  ash  and  Caustic 
Treatment  of  RMA,  Groundwater 

Ptiriip  Well  No. 

Water  Quality  Optimum  Excess  Lime  ( c)  . . 


Parameter _ and  2.25  g/1  Soda-ash  Caustic(^) 


pH 

10.2 

10.2 

Total  Alkalinity 

900 

220 

Total  Hardness 

745 

1535 

Calcium  Hardness 

120 

390 

Fluoride 

0.9 

1.9 

Chlorides 

3200 

3275 

Sulfates 

1500 

1620 

Calcium 

50 

150 

Iron 

0 

0.2 

Magnesium 

150 

290 

Manganese 

0 

0.2 

Sodium  . 

.  .■:29oo. 

: .  ;2550 

(a)  All  values  expressed  in 

mg/l  except  pH 

(b)  As  CaCO^ 

(c)  At  an  optimum  lime  dose 

of  1.5  g/1  as  CaO 

(d)  To  raise  the  pH  to  10.2 
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/^fV  ns  h^ATT.RALRAL/n)ry 
hnrt4  ToiFuRic  Acid 
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APA  TI  TE  pXPERi  MENT 
PW  ns  yfATER.  Al-PADN/Ty  NEUrRADZEP 
With  PHOS'PHOPIC  ACII> 
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D.  CAMPBELL/ljm/2556 


DRCB-I-DRR 


7  AUG  1978 


SUBJECT:  Water  Treatment  Process  Development  for  I^iA 


Ccjmnander,  Roclgr  Ivfountain  Arsenal,  ATH^:  SARRM-CC,  Commerce  City,  CO  80022 
Ccmmander  and  Director,  US  Anny  Engineer  V/aterways  Bqjeriment  Station, 

ATTN;  WESSV,  PO  Box  631,  Vicksburg,  MS  39180 


1.  Reference  is  made  to  letter,  DRCB1"I®R,  OR!  CDIR,  5  Apr  78,  subject: 
fvtoagement  Plan  for  Installation  Restoration  Project  at  Rocky  ^fountain 
Arsenal. 

2.  Referenced  letter  transmitted  above  management  plan  to  RMA  requiring 
a  R!  CDIR  decision  on  29  Sep  78  for  progressing  from  individual  water 
treatment  process  development  (i.e.,  granular  carbon,  ultraviolet  li^t/ 
ozone,  etc.)  to  conbination  process  development. 

3.  Request  representatives  from  your  office  prepare  a  presentation  for 
19  Sep  78  to  brief  FM  CDIR  personnel  on  the  results  of  subject  water 
treatment  developnent.  A  tentative  agenda  of  discussion  topics  is 
attached  (Inclosure) . 

4.  Point  of  contact  for  this  meeting  is  Mr.  Donald  Campbell  of  this 
office,  AV  584-2556. 


COL  FRAITK  A.  JOIfES.  Jl-.  P# 

1  Incl  FRANK  A.  J®3BS,  JR. 

as  Colonel,  QnlC 

Project  Manager  for 
Chemical  Demilitarization 
and  Installation  Restoration 


CF: 

Cdr,  ARRCCIvI,  ATIN:  DRSAR-IS,  Rock  Island,  IL  61299,  wo  incl 


Commander, 

Rocky  Mountain  Arsenal 


-  2  - 


August  11 ,  1978 


3.  Lump  sum  payment  for  shipping,  checkout, 

startup  and  training.  $16,750.00 

4.  One-year  contract  for  field  services 
(includes  annual  replacement  of  UV 

bulbs).  $17,550.00 

(To  be  renewed  annually) 

These  prices  are  based  on  current  costs  and  do  not  include  allowances  for 
escalation,  bonds,  or  taxes. 

The  installation  cost  is  somewhat  nebulous  in  that  UCC  is  not 
familiar  with  small  contractor,  charges  in  the  Denver. area.  We  would  need 
to  explore  this  cost  thoroughly  with  local  contractors  before  entering 
into  a  contract. 

During  our  meeting  in  Denver  you  asked  for  comparative  prices 
for  a  10,000-GP|f  installation.  Here  again  we  assume  building,  water,  and 
power  availability.  Budgetary  prices  on  a  similar  basis  as  above  are: 
monthly  rental  -  $37,200;  installation  -  $150,000;  startup  -  $47,125; 
annual  field  service  -  $67,000. 

It  is  a  pleasure  to  offer  this  proposal  for  your  review.  If 
there  are  questions,  or  if  I  can  help  in  any  way,  please  do  not  hesitate 
to  call . 


Very  truly  yours. 


W.  C.  Dedeke 

Product  Manager 

Industrial  Ozonation  Systems 


WCD/pc 

Attachment 


EimVIRONMENTAL  systems 


UNION  CARBIDE  CORPORATION 
TECHNICAL  CENTER 


lation  Kestoration 
DRCPM  -  DRR 
Attention :  Don  Cam 

Aberdeen  Prov i ng  Grou n 


P.O.  BOX  8361,  SOUTH  CHARLESTON.  W.  VA.  25303 


TELEPHONE:  304-747-3758 


August  11,  1978 


Commander,  Rocky  Mountain  Arsenal 
SARRM  -  CC 

Commerce  City,  Colorado  80240 
Attention;  Mr.  Carl  Loven 


Dear  Mr.  Loven: 

Union  Carbide  Corporation  is  pleased  to  sulanit  this  budgetary 
proposal  to  the  U.  S.  Army  at  Rocky  Mountain  Arsenal.  Union  Carbide 
proposes  to  supply  equipment  to  generate  ozone,  and  a  contactor  capable 
of  exposing  water  to  ozone  and  UV  light.  It  is  our  understanding  the 
Army  will  utilize  this  equipment  to  treat  groundwater  for  purposes  of 
removing  contaminants  prior  to  recharge.  The  Army  may  also  choose  to 
use  this  equipment  for  other  purposes,  such  as  treating  lagooned  waste- 
water. 

Union  Carbide  also  proposes  to  provide  installation  of  this 
equipment,  in  an  existing  building.  It  is  assumed  that  space  is  avail¬ 
able,  and  that  adequate  power  is  available  from  a  nearby  pole.  It  is 
further  assumed  that  sufficient  filtered  water  (@  2500  GPH)  at  adequate 
pressure  is  available  from  a  line  inside  the  building  that  may  be  tapped 
for  installation  of  our  scope,  I  understand  that  this  pipe  is  not  owned 
by  the  Army. 

Check-out  and  start-up  services  will  be  provided  along  with 
operator  training,  including  safety  training.  An  annual  field  service 
contract  is  also  offered.  This  provides  yearly  change  out  of  the  UV 
lamps  along  with  periodic  visits  to  determine  mechanical  integrity  of 
the  system  along  with  on-going  safety  review.  This  service  can  also  be 
used  to  optimize  the  equipment  or  to  determine  applicability  of  alternate 
applications. 

The  budgetary  estimate  for  the  price  of  these  offerings  follows: 


1.  Monthly  equipment  rental  based  on 
3-year  lease, 

2.  Lump  sum  payment  for  installation. 


$  9,975.00 
$89,000.00 


Mr.  Burdt/bjw/4331 
^15  Sep  78 

DRCR^l-DR-P  (29  Aug  78)  1st  Ind 
SUBJECT:  Water/Wastewater/Process  Proposal 

DA,  Office  of  the  Project  Manager  for  Chanical  Demilitarization  and 

Installation  Restoration,  Aberdeen  Proving  Ground,  J-D  21010  i  c 

1 0  SEP  1978 

TO:  Ccmraander,  Rocky  kbuntain  Arsenal,  ATm:  SARRM-CCP,  Conanerce  City, 
CO  30022 

1,  Subject  proposal  from  Union  Carbide  Corporation  has  been  evaluated 
for  applicability  to  the  Rocky  J4ountain  Arsenal  Installation  Restoration 
project.  The  foliating  review  canments  apply: 

a.  Adsorption  by  granular  activated  carbon  has  been  demonstrated 
to  be  effective  in  treating  contaminated  groundwater  for  North  Boundary 
of  Rocky  Nbuntain  Arsenal  Containment  System.  Pkjwever,  ongoing  long 
range  studies  are  being  considered  to  define  the  role  of  UX-Ozone  in 
RMA  applications .  Sub j  ect  proposal  does  not  appear  to  offer  any 
technical  or  economic  benefit  beyond  that  presently  being  experienced' 
in  ongoing  programs. 

b.  Suggest  this  proposal  be  put  on  file  until  your  fiature  treat-  - 
ment  requirements,  specifically  UV-Ozone,  are  better  defined. 

2.  Follow-on  effort  shoiald  consider  Union  Caibide  as  well  as  other 
companies  with  the  expertise  to  meet  the  long  range  requirements  as 
yet  to  be  determined, 

FOR  1702  PROIECT  MANAGER: 


1  Incl  DAMON  D.  V/LNGFIELD 

nc  Colonel,  QnlC 

Assistant  Project  Manager 
for  Installation  Restoration  , 


department  of  the  army 

OPFICE  OF  THE  PROJECT  MANAGER  FOR 
CHEMICAL  DEMILITARIZATION  AND  INSTALLATION  RESTORATION 
ABERDEEN  PROVING  GROUND.  MARYLAND  21010 


(Mr.  W.  C.  Dedeke 

Union  Carbide  Corporation 

Technical  Center 

P.  0.  Box  8361 

South  Charleston,  WV  25303 


Dear  Mr.  Dedeke: 

This  letter,  adoiowledges  the  receipt  of  your  unsolicited  proposal 
dated  11  August  1978. 

is  STS' sii-KSi':;  S;  as 

for  the  following  reason: 

nrincinle  technology  being  used  by  Rocky  Mountain 
Ssenal  for  treatment  of  contaminated  ground;vater  is 
adsorption  by  granular  activated  carbon. 

Your  proposal  does  not  appear  to  offer  any  technical  or  economic 
benefit  beyond  that  presently  in  use. 

ic  rnrrpntlv  conducting  long  range  water 

SSilftJ%?S?s.  better  £me 

-e  future 

treatment  requirements  are  defined. 

Your  continued  interest  in  the 

Installation  Restoration  mission  is  appreciated. 

Sincerely  yours. 


frank  a.  JONES,  JR. 

Colonel,  CmlC 
Project  Manager  for 
Chemical  Demilitarization 
and  Installation  Restoration 


$  -  13  Sep  78 


DISPOSITION  FORM 

For  us*  of  this  fernv  sa*  AR  340>15,  th*  propenant  oganey  Is  TAGCEN* 


REFERENCE  OR  OFFICE  SYMBOL 


DRCPM-DR-P 


SUBJECT 


iPreliminary  Review  of  Union  Carbide  Corp.,  Linde  Div. 
Unsolicited  Proposal  -  Water/Wastewater/Process  Proposal 


™taa0lfCPM-DRR 

DRCPM-DRD 

DRCPM-DR-T 


FROM 


Unsolicited  Proposal 

Coordinator 

Prog  Mgt  Ofc 


DATE  ,  _  __  CMTl 

7  Sep  78 

Mr.  Burdt/bjw/4331 


1.  Reference  is  made  to: 

a.  AMCR  70-2,  21  Aug  75,  Unsolicited  Proposals. 

b.  CDIR  Supplement  1  to  AMCR  70-2,  24  Jun  77. 

2.  The  attached  unsolicited  proposal  is  provided  for  your  preliminary  review  to 
detemine  the  extent  of  the  Project  Manager  Office’s  interest.  If  a  technical 
feasibility  and  cost  evaluation  is  deemed  necessary  because  of  PMO  interest,  a 
Policy  Statement  and  Memorandum  of  Understanding  must  be  obtained  from  the  proponent. 
If,  as  the  result  of  the  preliminary  review,  the  PMO  lacks  further  interest,  the 
unsolicited  proposal  will  be  returned. 


3.  It  is  required,  by  reference  lb  above,  that  the  preliminary  review  be  completed 
and  technical  information  upon  which  to  base  a  reply  and/or  other  recommendations 
with  respect  to  disposition  of  proposal  be  provided  by  COB  13  Sep  78.  Notification 
to  the  proponent  of  the  result  of  this  review  must  be  provided  by  COB  14  Sep  78. 


..  Proposal  was  provided  the  undersigned  by  Don  Campbell,  DRCPM-DRR,  who  is  the 
technical  POC. 


CF: 

DRCPM-DR-P 


4 

)A  2496 


REPLACES  DO  FORM  96.  WHICH  IS  OBSOLETE. 


*090-1975-665-422/1063 


UMSOliCSTED  -PROPOSAL 


;;;■  Use  of  'DaSa  '  Lamiifed 

■  ■  .  (ARMCOM  SUPPL  LTO  AMCR  70-2) 


All  Government  personnel  handling  this 
proposal  shall  exercise  EXTREME  CARE  to 
insure  that  the  information  contained 
herein  is  NOT  DISCLOSED  outside  the 
Government  and  is  NOT  DUPLICATED,  USED, 

OR  DISCLOSED  in  whole  or  part  for  any 
fiiirpose  other  than  to  evaluate  the 
proposal,  without  the  written  permission 
of  the  submitter  (except  that  If  a  contract 
is  awarded  on  the  basis  of  this  proposal, 
the  terms  of  the  contract  shall  control 
disclosure  and  use). 

This  notice  dods  not  limit  the  Government's’ 
right  to  use  informat  ion  contained  in  the 
proposal  if  it  is  obtainable  from  another  . 
source  without  restriction. 

This  is  a  Government  notice,  and  shall  not 
by  itself  be. construed  to  impose  any  liability 
upon  the  Government  or  Government  personnel 
for  any  disclosure  or  use  of  data  contained 
in  this  proposal. 


UNSPLJCITED  PROPOSAL 
Use  of  Data*  Limited  : 


^  -APPENDIX  A  -  COVER  SHEET  FOR  UNSOLICITED  PROPOSAL 


-  A  R  MC  OM  '  F  •«» :  94-R, -il  JUL  74 


SUNWARY  OF  ACTION 
fPara  2-10,  AR  540-15') 


ouspen:>c 


UUlli-x  wx  • 


SUBJECT:  Water/Wastewater/Process  Proposal 


Office  Symbol: 

DRCPM-DRR 


Date: 

14  Sep  78 


PURPOSE  OF  ACTION: 


Respond  to  unsolicited  proposal  torwardecf 


by  MT. 


NENDRANDUM  FOR  RECORD  (List  references,  describe  briefly  background  §  discussion  and  give 

recommendat  ion . ) 

REFERENCES: 


Letter,  SARRM-CCP,  RMA,  29  Aug  78,  SA& 


BACKGROUND  §  DISCUSSION: 

1  Previous  treatability  studies  for  north  boundary  application  have  shown  that 
granular  activated  carbon  and  UV-Ozone  will  effectively  remove  organic  contaminants 
to  below  standards.  Operating  costs  for  both  are  similar.  However,  because  of  the 
qSick  “sSnse  that  cSld  be  demonstrated  with  a  Calgon  Corporation  lease  agreement 
and  the  vast  R§D  data  base,  granular  carbon  was  selected  for  pilot  application. 

2  Mr  Jack  Zeff ,  Westgate  Corporation,  recognized  that  UV-Ozone  would  be  soon  out  of 
its  infancy  and  would  have  more  application  if  offered  also  via  a  lease  arrangement. 
Therefore,  he  joined  with  Union  Carbide  Corp.  in  offering  subject  proposal. 

3.  1st  Indorsement,  inclosed  at  TAB  A,  responds  back  to  RMA  concemmg  same  It 
does  not  appear  that  installation  of  UV-Ozone  equipment  in  duplication  of  the  Calgon 
£  ^.em  is  feasible  at  this  time.  Benefits  of  short  tern  lease  agreements  such  as  this 
might  have  application  within  the  FY80  MCA  project. 


RECCM^/ENDATIONS: 

Approval  and  signature  of  TAB  A. 


Coordinations 

Office  j 

Name 

■U I 


(Continue  on  Separate  Sheetj 
■  tl  FRONT  OFFICE  .APPROVALS 


SU^^V\RY  OF  ACTION 
Para  2-10,  AR  340-15 


SUBJECT:  union  Carbide  Corp.,  Linde  Division  -  Unsolicited 
Proposal  -  Water /Wastewater/Process  Proposal 


Suspense  Control -Number: 


Office  Symbol: 
DRCPM-DR-P 


15  Sep  78 


PURPOSE  OF  ACTION:  Respond  to  unsolicited  proposal  forwarded  by  RMA. 


NODRANDUM  FOR  RECORD  (List  references,  describe  briefly  background  §  discussion  and  give 

recommendation . ) 

REFERENCE :  Comments  by  APMCD,  APMIR,  TSO  rejecting  unsolicited  proposal. 

DISCUSSION: 

The  attached  unsolicited  proposal  was  received  from  RMA,  6  Sep  78.  Divisions  have 
reviewed  the  proposal  per  attached  comments. 

Based  iipon  their  comments,  the  msolicited  proposal  has  been  found  to  not  require 
acceptance  at  this  time.  Further  program  studies  are  being  conducted  for 
boundary  and  source  water  treatment  at  which  time  the  proposal  could  be 
considered.  PMO  will  maintain  in  file. 

The  letter  informs  Union  Carbide  of  the  results  of  our  review. 


Ofrice 


Coordinations 


Name 


(Continue  on  Separate  Sheet)  _ 


Ac  n  Officer  (Name,  Telephone  Lxt  §  Signature) 
STEPHEN  R.  BURDT,  4331 


CDIR  Form  6,  1  Jan  77 
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TECHNICAL  STATUS  REVIEW  OF  WATER  TREAIMENT 
PROCESS  DEVELOPMENT  FOR  ROCIOf  MOUNTAIN  ARSENAL 
19  Sep  78 

AGENDA 


TOPIC 

1.  Introductory  Remarks 

2 .  Program  Overview 

3.  Program  Status 

a.  Granular  Carbon  Organic  Treatment 

b.  Ultraviolet  Light/Ozone  Organic  Treatment 

c.  Inorganic  Treatment 

d.  Preliminary  Organic/Inorganic  Combination 
Testing 

4.  Open  Discussion 

5 .  Concluding  Remarks 


PRESENTER 
0PM  CDIR 
0PM  CDIR 
WES/RI4A 


ALL 

0PM  CDIR 


REQUISITION  ON  WAREHOUSEMAN 

(ER’s  735-2-1  735-345-1) 


REQUISITION  NO. 


ACCOUNT  OF  (Responsible  employee  and  location) 

Responsible  Employee  No.  7 


DELIVER  TO  (Oftice  location) 


Buhts 


NOMENCLATURE  OF  ARTICLES 


Furnish  all  necessary  labor,  equipment,  and 


material  to  perform  a  computer  assisted 


literature  search  _ 


Chemical  Abstracts  1970-71 
Chemical  Abstracts  1972-1976 


Chemical  Abstracts  1977  to  date 
Toxicity  of  Drugs  &  Chemicals  1974  to  date 


Toxicity  of  drugs  &  Chemicals  1940  to  1973 
Cancer  literature  1963  to  date 


Bio-medical  literature  I976  to  date 
Bio-medical  literature  1975 


Bio-medical,  literature  1972-1974 
Bio -medical  literature  1969-1971 


Bio-medical  literature  1966-I9 
CAS  Registry  Numbers  and  chemical  nomenclatui 


current  for  the  following  chemical  compounds 
^Idrin  -  1,  2,  3?  ^3  10,  10-hexachloro-l,  4, 


4a,  5,  d,  da-hexahydro-endo-1,  4:5, 
8 -d imet hanonapht halene 


a-octahydro-endo-exo-1,  4:5, 
_ 8-dimethanonaphthalene 


-  Dicyclopentadiene 

-  Diisopropylmethyl  Phosphonate 


Isopropyl  Methyl  Phosphonic  Acid 
Methyl  Phosphonic  Acid 


-p-Chlorophenyl  Methyl  Sulfone 
<-p-Chlorophenyl  Methyl  Sulfoxide 


■■  p-Chlorophenyl  Methyl  Sulfide 
^emagon  1,  2-dibromo-3-chloropropane 


Any  Reference  containing  one  of  the  above 


chemical  compounds  in  combination  with  any  o 
.  the  following  key  words  is  desired: 


pnotoiysis  Photo -oxidation 

Oxidation  ozonolysis  (ozonati 


ACCOUNTING  CLASSIFICATION  (Appropriation,  project,  cost  account  and  amounts) 


RECEIVED  BY  (Signatae  ot  Responsible  ea^cyee  or  Designee) 


PROPERTY  VOUCHER  NO. 


TO  BE  USED  FOR: 

eed/el 


DELIVER  TO  ('Office  location) 

'  -- 

Buhts 

NOMENCLATURE  OF  ARTICLES 


PRICE  I  AMOUNT 


hydrolysis 


degradation 


biodegradation 


Any  Reference  containing  one  of  the  chemical 


compounds  by  itseli  or  with  one  or  more  oi  . 
the  key  words  used  in  conjunction  with  one 


or  more  of  the  following  topics  is  desirea: 
Environmental  effects  (of) _ ^ ' 


Environmental  toxicity 
Human  toxicity 


in  fICPLY  REFER  TOi 


DEPARTMENT  OF  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION.  CORPS  OF  ENGINEERS 
P.  O.  BOX  631 

VICKSBURG.  MISSISSIPPI  39180 


WESEE 


29  September  1978 


MEMORANDUM  FOR;  CHARLES  BARONIAN,  APM-CDIR 
SUBJECT;  Influence  of  pH  on  Carbon  Adsorption 


1.  Several  questions  concerning  the  influence  of  pH  on  carbon  adsorption 
were  raised  at  the  technical  status  review  meeting  held  at  Edgewood  Arsenal 
on  20  September  1978.  This  memorandim  was  prepared  to  address  these 
questions  and  provide  a  general  discussion  of  how  pH  affects  the  adsorption 
of  organic  compounds  (particularly  munition  wastes)  by  activiated  carbon. 

2.  The  pH  of  a  solution  from  which  adsorption  occurs  influences  the 
extent  of  adsorption  for  several  reasons.  First,  since  the  extent  of 
ionization  of  an  acidic  or  basic  compound  affects  its  adsorption,  pH 
affects  adsorption  in  that  it  governs  the  degree  of  ionization.  Next, 
since  hydrogen  and  hydroxide  ions  are  adsorbed  quite  strongly,  the 
adsorption  of  other  ions  is  influenced  by  the  pH  of  the  solution. 

3.  Many  organic  molecules  either  exist  as,  or  have  the  potential 
existing  as,  ionic  species.  Organic  acids  and  many  pesticides  exhibit 
the  property  of  ionizing  under  appropriate  pH  conditions.  Past 
observations  relative  to  ionization  effects  on  adsorption  can  be 
generalized  as  follows.  As  long  as  the  compounds  are  structurally 
simple,  adsorption  is  at  a  minimxim  for  the  charged  species  and  at  a 
maximum  for  the  neutral  species.  The  more  complex  the  compound,  the 
less  important  the  effect  of  ionization  becomes.  Amphoteric  compounds 
which  have  the  capacity  to  be  both  an  acid  and  a  base  have  been  foimd  to 
have  an  adsorption  maximum  at  the  isoelectric  point  (that  pH  at  which 
both  the  acidic  end  and  the  basic  end  of  the  compound  are  ionized  and  the 
compound  bears  a  net  charge  of  zero). 

4.  Activated  carbon  commonly  carries  a  net  negative  surface  charge. ^  For 
this  reason,  adsorption  of  typical  organic  pollutants  from  water  is  in¬ 
creased  with  decreasing  pH.  .  In  many  cases  this  may  result  from  neutra¬ 
lization  of  negative  charges  at  the  surface  of  the  carbon  with  increasing 
hydrogen- ion  concentration,  thereby  reducing  hindrance  to  diffusion  and 
making  available  more  of  the  active  surface  of  the  carbon.  In  any  case, 
the  objective  is  to  adjust  the  concentration  of  hydrogen  or  hydroxide 
ions  so  that  any  charge  repulsion  is  minimized. 


y£SEE  29  September  1978 

SUBJECT:  Influence  of  pH  on  Carbon  Adsorption 

5.  In  order  to  illustrate  the  influence  of  pH  on  carbon  adsorption, 

I  have  inclosed  (Incl  1)  a  reprint  entitled  "The  Treatability  of  a 
Munitions-Manufacturing  Waste  With  Activated  Carbon".  This  paper 
discusses  the  effect  of  pH  on  the  carbon  adsorption  of  TNT.  Figure  6 
in  the  paper  presents  breakthrough  curves  for  carbon  columns  using 

a  feed  water  with  pH  7.0  and  one  with  pH  2.1.  This  plot  indicates 
an  approximate  doubling  of  carbon  capacity  for  TNT  at  pH  2.1. 

6.  In  the  case  of  TNT  contained  in  wastewater  at  pH  11  (discussed  at 
the  meeting)  a  lowering  of  the  pH  should  greatly  increase  the  adsorptive 
capacity  of  the  carbon  for  the  TNT.  Since  this  wastewater  contains  a 
number  of  compounds,  it  is  difficult  to  predict  the  optiminn  pH  for  ad¬ 
sorption  without  conducting  a  series  of  isotherms.  As  mentioned,  different 
compounds  have  different  optimum  pH  levels  for  adsorption.  Other  factors 
such  as  mutual  solubility  effects  and  competition  for  adsorption  sites 

may  greatly  effect  the  adsorptive  capacity  of  the  carbon  for  a  particular 
compoimd. 

7.  In  summary,  the  literature  indicates  varying  amounts  of  adsorptive 
capacity  increases  with  respect  to  pH  adjustment.  The  best  technique 
for  determining  the  optimum  pH  appears  to  be  the  adsorption  isotherm. 

The  increase  in  adsorption  efficiency  must  then  be  evaluated  with  respect 
to  increased  costs  for  chemicals  and  equipment  required  for  pH  adjustment. 


1  Incl 
as 


^  DOUGLAS  W.  THOMPSON 
V  Sanitary  Engineer 

Treatment  Processes  Research  Branch 
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TEST  PLAN 
for 

WATER  TREATMENT  SYSTEM 
EVALUATION  AT  RMA 


by 

USAE  Waterv>7ays  Experiment  Station 
Treatment  Processes  Research  Branch 
Environmental  Laboratory 
Vicksburg,  MS  39180 


HARMS  TASK  NO:  1.05.25 


September  1978 


Office,  Project  Manager  for 
Chemical  Demilitarization  and 
Installation  Restoration,  Aberdeen 
Proving  Ground,  Maryland  21010 


Prepared  For: 


y  *■  • 


INTRODUCTION 


1.  Groundwater  at  Rocky  Mountain  Arsenal  (RMA)  has  been  found  to 
contain  certain  inorganic  and  organic  contaminants  as  a  result  of  various 
past  and  ongoing  activities  at  the  arsenal.  Treatability  work  on  ground- 
water  was  initiated  by  the  Watem^ays  Experiment  Station  (WES)  in  FY  77 
and  continued  in  FY  78.  The  groundwater  initially  studied  was  character¬ 
istic  of  that  at  the  northern  boundary  of  the  arsenal.  Activated  carbon 
adsorption  and  U\7ozone  oxidation  were  both  found  to  effectively  remove 
organic  contaminants  from  this  water.  Due  to  the  immediate  availability 
of  equipment,  activated  carbon  was  chosen  for  the  pilot  containment/treat- 
ment  system  at  the  northern  boundary.  A  Calgon  carbon  system  was  installed 
in  FY  78  and  has  operated  successfully  for  several  months.  No  require¬ 
ment  for  inorganic  treatment  (except  possibly  for  fluoride)  has  been  needed 
at  the  northern  boundary. 

2.  Interest  in  groundwater  treatment  near  suspected  contamination 
sources  led  to  an  initiation  of  treatability  studies  on  water  from  Well, 

118  (near  Basin  F)  in  FY  78.  A  high  concentration  of  inorganic  contami¬ 
nants  was  found  in  this  water.  Preliminary  treatability  studies  with 
activated  carbon  and  UWozone  indicated  an  interference  problem  associated 
with  the  precipitation  of  metal  hydroxides  (particularly  iron  and  manganese) . 
The  precipitate  could  plug  the  carbon  oeds  lowering  the  efficiency  of  the 
adsorption  process  and  it  could  interfer  with  the  transmittance  of  the  LV 
light  thus  lowering  the  efficiency  of  the  oxidation  process. 

3.  This  preliminary  work  established  a  need  for  a -very  versatile 
treatment  process  system  incorporating  both  organic  and  inorganic  treat¬ 
ment  that  could  be  used  on  different  source  waters  at  RMA  and  on  wastewaters 
from  other  Army  installations.  A  treatment  scheme  was  developed  (Figure  1) 
incorporating  pretreatment  (for  inorganics),  primary  treatment  (for  organics), 
post  treatment  (for  contaminants  not  removed  by  the  first  two),  and  side- 
stream  treatment  and  disposal  for  process  water.  A  research  and  development 
program  was  initiated  during  FY  78  to  develop  processes  suitable  for  use  as 
pretreatment  and  primary  treatment.  This  work  was  conducted  on  Well  118 
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water.  Chemical  addition  and  precipitation  were  chosen  for  the  pretreat¬ 
ment  process.  Activated  carbon  and  UV/ozone  were  chosen  for  the  primary 
treatment  process.  Equipment  for  a  field  scale  system  was  constructed  and 
set  up  at  RlIA  in  order  to  evaluate  different  process  trains.  This  evalua¬ 
tion  and  optimization  of  the  treatment  process  will  be  conducted  in  FY  79. 
This  test  plan  presents  the  combination  system  work  to  be  performed. 

OBJECTIVES 


4.  The  objectives  of  this  study  are  as  follows: 

_a.  Assess  the  potential  of  the  treatment  system  in  removing 
inorganic  and  organic  contaminants  from  various  RliA  source 
waters . 

Testing  of  individual  inorganic/organic  processes  to  deter¬ 
mine  optimal  configurations  of  pretreatment,  primary  treat¬ 
ment,  post  treatment  and  side  stream  disposition  unit  opera¬ 
tions  on  the  identified  source  waters. 

_c.  Provide  operating  data  and  costs  associated  with  various 
process  trains. 

d.  Refinement  of  operational  models  for  the  treatment  processes 
based  on  the  data  obtained. 

MATERIALS  AND  METHODS 

Equipment 

5.  The  equipment  for  the  pretreatment  process  includes  mixers, 
mixing  tanks,  chemical  feed  pumps,  and  modified  ERDA  lator  (upflow  clarifier), 
and  a  storage  tank.  The  pretreatment  unit  has  been  constructed  and  checked- 
out  and  is  ready  for  use. 

6.  The  UV/ozone  treatment  unit  to  be  used  initially  is  a  single 
vessel,  mechanically-mixed  reactor  (Figure  2).  The  reactor  vessel  is 
constructed  of  stainless  steel  and  contains  a  variable  speed  impeller 
mixer.  The  reactor  has  four  quartz  tubes  placed  so  as  to  si^rround  the 
mixer  impeller.  Various  UV  lamps  can  be  placed  in  these  tubes.  The  unit 
allows  for  variable  control  of  temperature,  pH,  pressure,  and  recycle  along 
with  the  standard  operational  parameters.  The  unit  is  completely  contained, 
skid  mounted  and  highly  portable. 
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7.  The  equipment  to  be  used  for  activated  carbon  evaluation  includes 
jars  and  stirrers  for  adsorption  isotherm  testing  and  various  size  columns 
for  use  in  determining  breakthrough  characteristics.  Various  types  of 

carbon  are  available  for  evaluation. 

8.  All  the  equipment  is  configured  so  as  to  be  portable  and  to 
permit  the  interconnecting  of  each  unit  operation.  These  alternate  test 
configurations  will  be  discussed  in  the  next  section. 

Field  System  Operation 

9.  The  field  system  operation  will  incorporate  the  evaluation  of 
three  different  treatment  scenarios:  (a)  pretreatment  followed  by  carbon 
(b)  pretreatment  followed  by  U\'/o2one,  and  (c)  pretreatment  followed  by 

a  combination  of  UV/ozone  and  carbon. 

10.  Initially,  effluent  from  the  pretreatment  unit  will  flow  to  a 
storage  tank.  Water  will  be  taken  from  the  storage  tank  for  both  carbon 
and  UV/ozone  treatment  tests  so  that  water  used  in  each  test  is  identical. 

Work  on  carbon  adsorption  and  UV/ozone  treatment  will  be  done  simultaneously. 

11.  In  the  carbon  studies,  pfetreated  water  will  be  subjected  to 
standard  isotherm  testing  with  the  tests  being  conducted  at  different  pH 
levels  to  determine  optimum  pH  levels,  best  carbon  type,  and  adsorption 
capacity  of  the  carbon  for  various  organic  contaminants.  At  the  completion 
of  the  isotherm  tests,  small  columns  will  be  set-up  for  evaluation  of 
breakthrough  of  the  contaminants  for  the  activated  carbon.  With  this 
information  and  cost  information  from  the  vendors,  an  evaluation  of 
efficiency  and  costs  for  this  treatment  scenario  will  be  provided  to  the 
OPM-CDIR.  This  work  will  be  conducted  by  RMA  personnel  with  technical 
assistance  being  provided  by  WES. 

12.  For  the  UV/ozone  studies,  water  will  be  taken  from  the  storage 
tank  and  passed  through  the  UV/ozone  reactor.  Operational  parameters  will 
be  adjusted  until  optimum  conditions  can  be  determined.  This  will  be 
achieved  by  use  of  a  factorial  type  experiment  that  lends  itself  to  statistical 
analysis.  The  study  will  begin  with  a  series  of  runs  designed  to  evaluate 

the  correlation  between  the  field  unit  and  the  laboratory  unit.  The  runs 
V7iil  be  made  on  pretreated  Well  118  water  due  to  the  data  available  from 
the  lab  unit  on  this  water.  Tnese  correlation  data  will  be  used  to  determine 
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correlstion  factors  between  the  two  units  so  that  in  the  future,  any 
laboratory  work  done  can  be  applied  to  the  field  through  use  of  the  developed 
factors.  With  the  operational  information  generated  combined  with  equip¬ 
ment  and  power  costs,  an  evaluation  of  efficiency  of  the  process  along  with 
costs  for  this  treatment  scenario  will  be  provided  to  the  OPM-CDIR.  This 
work  will  be  conducted  by  WES  personnel  with  operational  support  from  RMA. 

13.  In  the  combined  UV/ozone  and  carbon  work,  effluent  from  the  UV/ 
ozone  reactor  using  various  retention  times  will  be  obtained,  adsorption 
isotherms  and  breakthrough  column  studies  will  be  conducted  on  the  effluent 
samples  to  determine  the  effect  on  the  adsorptive  rate  and  capacity  of  the 
carbon.  WTien  this  work  has  been  completed,  the  UlVozone  reactor  and  carbon 
columns  will  be  configured  in  series  and  the  operational  studies  will  be 
initiated.-  The  best  retention  times  and  carbon  operational  parameters  found 
in  the  preliminary  work  will  be  used  initially  and  then  the  operational 
parameters  of  both  systems  will  be  checked  to  insure  optimum  efficiency. 

In  order  to  minimize  the  costs  for  the  combination  system,  the  flow  rate 
through  both  systems  must  be  maximized  (reduction  in  capital  costs)  and 
the  sum  of  the  power  costs  for  UV/ozone  (dependent  upon  the  retention  time) 
and  the  regeneration  costs  for  the'  carbon  (dependent  on  the  organic  loading 
to  the  carbon  bed)  must  be  minimized.  At  the  conclusion  of  this  work, 
process  efficiency  and  costs  for  this  treatment  scenario  will  be  provided 
to  the  OPM-CDIR.  This  work  will  be  conducted  jointly  by  WES  and  RMA 
personnel  with  technical  supervision  being  provided  by  the  W’ES  project  engineer. 

14.  Some  work  will  be  required  in  the  area  of  sidestream  treatment 
and  disposal.  This  work  will  include  carbon  regeneration  studies  and  sludge 
disposal  from  the  pretreatment  unit.  Any  carbon  regeneration  studies  will 
probably  be  done  by  a  vender.  This  work  would  determine  the  compatability 
of  the  adsorbed  organic  contaminants  with  the  regeneration  process  and 

the  suitability  of  the  carbon  for  reuse  after  regeneration.  The  sludge 
disposal  work  will  incorporate  studies  on  dewaterability ,  solids  handling, 
leaching  potential,  and  suitability  for  chemical  fixation  (  if  required). 

This  work  will  probably  be  done  at  Xs^ES . 
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Sanpling  and  Analysis 

15.  The  field  system  will  be  instrumented  to  facilitate  continuous 
monitoring  of  operating  parameters.  Parameters  to  be  monitored  include: 

Ozone  concentration  (U\Vozone  unit  only) 
b.  pH 

_c.  Liquid  and  gas  flow  rates 
_d.  Temperature 

16.  As  in  previous  studies,  DIMP  will  probably  be  used  as  a  representa¬ 
tive  constituent  on  which  to  base  treatment  efficiency.  Analyses  will  be 
conducted  as  follows: 

a..  Organic 

(1)  DIMP 

(2)  DCPD 

(3)  Nemagon 

(4)  Pesticides 

(5)  Organosulfur  compounds 

(6)  Organophosphorus  compounds 

(7)  TOC  (Total  Organic  Carbon) 

(8)  COD  (Chemical  Oxygen  Demand) 

Metals 

(1)  Iron 

(2)  Lead 

(3)  Mercury 

(4)  Arsenic 

(5)  Manganese 

(6)  Sodium 

(7)  Calcium 

(8)  Magnesium 
_c.  Others 

(1)  Total  dissolved  solids 

(2)  Conductivity 

(3)  Chloride 

(4)  Fluoride 

(5)  Hardness 
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(6)  Alkalinity 

(7)  Sulfate 

(8)  Nitrate 

(9)  Phosphate 

The  aforementioned  analyses  will  be  conducted  throughout  the  study.  Not 
all  analyses  will  be  conducted  on  every  sample,  but  sufficient  testing 
will  be  conducted  to  insure  a  thorough  characterization  of  the  different 
source  water  samples.  Samples  will  be  collected  and  analyzed  according 
to  Standard  Methods . 

17.  The  Analytical  Laboratory  Group  (ALG)  at  WES  will  conduct  metal 
analysis  on  the  various  samples.  The  Material  Analysis  Laboratory  Division 
(MALD)  at  Rl'LA  will  be  responsible  for  organic  analysis  of  samples  except 
for  COD.  WES  personnel  will  be  responsible  for  any  other  analyses  to  be 
performed  on  site.  Approximately  50  to  60  samples  per  week  w'ill  be  sub¬ 
mitted  to  MALD  for  DIMP  analysis  while  the  field  system  is  in  operation. 
Approximately  10  to  15  samples  per  week  will  be  submitted  for  analysis  for 
the  remaining  organic  species.  Approximately  10  to  15  samples  per  week 
will  be  subm.itted  to  ALG  for  metal  analysis  and  quality  control.  This 
analytical  requirement  supersedes  any  previously  stated  requirement. 

SCHEDULING 

18.  A  time  schedule  for  operation  of  the  water  treatment  system  and 
combination  studies  at  RMA  during  FY  79  is  presented  in  Figure  3.  The  field 
studies  on  Well  118  are  scheduled  to  continue  through  April  1979.  The 
laboratory  studies  on  Well  118  are  scheduled  to  continue ‘through  December 
1978.  The  laboratory  work  will  then  continue  using  water  from  the  Basin  A 
area;  the  work  to  be  finished  in  late  April  1979.  The  field  studies  on  , 
Basin  A  source  water  will  be  initiated  in  April  1979  and  continue  through 
the  year.  The  work  on  Basin  A  area  water  can  probably  be  initiated  sooner  ^ 
if  the  Contamination  Survey  identifies  a  suitable  well  for  procuring  water  ^ 
at  an  earlier  date  than  scheduled.  Additional  laboratory  work  will  be 
conducted  starting  in  A,pril  19  79  and  continuing  through  the  year  on  other 
source  waters  identified  as  a  result  of  the  Contamination  Survey.  Work 

is  also  scheduled  in  the  expanded  north  boundary  area  if  needed  during  the 
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May  through  September  1979  time  frame.  A  final  summary  report  on  work 
completed  in  FY  79  is  due  1  October  1979.  Other  data  and  information  will 
be  provided  to  the  OPM-CDIR  throughout  the  year  as  requested. 
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FIGURE  1.  IR/RI'^A  WATER  TREATMENT  SYSTEM 


Figure  2.  UV/Ozone  Field  Unit 
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Figure  3.  Combination  Studies  Schedule  (FY  79) 


DEPARTMENT  OF  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION.  CORPS  OF  ENGINEERS 
P.  O.  BOX  631 

VICKSBURG.  MISSISSIPPI  39180 


IN  REPLY  REFER  TOi  WESGC 


5  OCT  1979 


SUBJECT:  Test  Plan  for  Water  Treatment  Evaliiation  at  RMA. 


Project  Manager 

Chemical  Demilitarization  and 

Installation  Restoration 

ATTN:  DRCPM-DR-P 

Aberdeen  Proving  Ground,  MD  21010 


Subject  test  plan  is  inclosed  for  your  information  (Incl  l). 


FOR  THE  COMMAHDER  AND  DIRECTOR: 


1  Incl 
as 

CF  w/incl: 

Commander 

Rocky  Mountain  ArsenaJ. 

ATTN:  SARRM-CC/Mr.  Ed  Berry 
Commerce  City,  CO  80022. 


SUNWARY  OF  ACTION 
Para  2-10.  AR  340-15 


<?UBJECT:  -pest  Plan  for  Water  Treatment  Evaluation  at  RMA 


PURPOSE  OF  ACTION:  Approval  of  test  plan. 


Suspense  Control -Number: 


Date: 

16  Oct  78 


MBDRANDUM  FOR  RECORD  (List  references,  describe  briefly  background  §  discussion  and  give 

recommendation.) 

REFERENCES: 

Ltr,  WESGC,  WES,  5  Oct  78,  subj :  Test  Plan  for  Water  Treatment  Evaluation  at  RMA,  TAB  B, 
BACKGROUND  8  DISCUSSION: 

1.  Justification  for  source  water  treatability  studies  is  primarily  based  upon 
the  requirement  to  contain  and  treat  grouncirater  in  Basin  A.  However,  at  this  time 
a  clear  definition  of  the  Basin  A  problem  is  not  possible. 

2.  Approval  of  these  treatability  studies  is  required  to  meet  MCA  milestones.  In 
lieu  of  taking  just  ary  groundwater  source  in  Basin  A,  treatment  development  efforts 
will  continue  on  well  118  justnnorth  of  Basin  F.  As  soon  as  a  representative  Basin  A 
source  is  found,  program  schediles  will  be  shifted  and  laboratory  stucfy  will  begin. 

RECOMMIATIONS: 

Approval  and  signature  of  TAB  A. 


Coordinations 


Name 


(Continue  on  Separate  Sheet)  _ 


FRONT  OFFICE  .APPROVALS 


INITIALS  Date 


C,  PFD 


isgicssBii 


Action  Officer  (Name,  Telephone  Ext  6  Signature) 
D.  CAMPBELL,  2556 


CDIR  Form  6,  1  Jan  77 


DEPARTMENT  OF  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION,  CORPS  OF  ENGINEERS 
P.  O.  BOX  631 

VICKSBURG,  MISSISSIPPI  39180 


IN  REPLY  REFER  TO: 


1?  Oct  78 


Dear  Don, 


I  had  previously  indicated  that  a  preliminary 
UV/Oo  products  identification  report  would  be  in  the 

you  on  18  Oct.  I  am  unable  to  meet  this  deadline 
and  now  expect  to  finish  the  report  and  have  it  to  you 
by  30  Nov. 

The  nroject  required  my  attention  at  RIVIA  and  Colorado 
University,  Boulder  (CUB),  last  week  and  I  was  unable  to 
do  much  writing.  At  RMA,  Richard  Kam  and  myself  examined 
several  UV/O-  runs  on  the  mass  spectrometer  and  a  fair_ 
amount  of  data  was  obtained  which  requires^ interpretation. 

In  addition,  several  UV/Oq  samples  are  awaiting  mass  spec 
analysis  at  CUB  Ctheir  mass  spec  has  been  down  for  repairs 
the  oast  two  weeks).  I  have  scheduled  two  more  rims  here  at 
the  WES  with  mass  spec  work  to  be  done  at  RFiA.  CUB  will  also 
do  two  more  runs  in  an  attempt  to  pin  down  whether  changing 
the  wavelength  of  light  used  leads  to  different  products. 

I  have  targeted  10  Nov  as  the  deadline  for  all  experimental 
work  and  will  write  the  report  with  the  data  available 
at  that  time.  There  is  also  a  good  likelihood  that  the 
computer  performed  literature  search  will  be  finished  by 
then.  Thanks  for  your  understanding  and  patience. 


Sincerely, 


Robert  E.  Buhts 
CPT,  CE 


D.  CAMPBELL/ljm/2556 


mCPM-DRR  (S  Oct  78)  1st  Ind 

SUBJECT:  Test  Plan  for  Water  Treatment  Evaliation  at  K4A. 

DA,  Office  of  the  Project  Manager  for  Chaaical  Demilitarization  and 
Installation  Restoration,  Aber^en  Proving  Ground,  MD  21010  g  MOV  1978 

ID:  Qmnnander  and  Director,  IB  Army  Engineer  Waterways  Experiment 
Station,  ATTN:  WESGC,  PO  Box  631,  Vicksburg,  MS  39180 

1.  &i)ject  test  plan  approved. 

2.  Treatability  studies  on  Basin  A  area  waters  must  be  en5)hasized  throug^ut 
Fy79.  Scheduling  noted  in  siisject  plan  must  be  considered  tentative 
contingent  ipon  procurement  of  representative  source  \«aters  in  Basin  A. 

KR  THE  PROJECT  ONAGER: 

Signed: 

gZ.  oh 

wd  incl  DAMDN  D.  WINGFIELD 

0  Colonel ,  QalC 

Assistant  Project  Manager  for 
Installation  Restoration 
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aJBJilGT:  Traasaittal  of  Reyort  for  T&sk.  1.05  *23 


Project  Manager 
Cuesiical  Demilitarization  and 
Installation  Restoration 
ATTH:  DRCBl-DRR 

Aberdeen  Proving  Qrotmd,  MD  21010 


A  final  draft  report,  "iStudy  of  Inorganic  Contardnant  Removal  from 
Rocky  I'fountain  Arsenal  (R!1A)  Groundwater,"  is  inclosed  for  your  review 
and  coHBaent  (incl  l).  VJork  for  tMs  report  was  conducted  with  fun^ 
provided  by  Task  1.05.23.  Incorporation  of  your  coiaments  and  publica¬ 
tion  will  be  accomplished  with  funds  provided  by  Task  1.05.25- 

FOR  THE  COMdASDER  AilD  DIRECTOR: 


1  Incl 
as 

GF  w/incl: 

Conaaander 

Rocky  Ifexmtain  Arsenal 
ATTiJ;  SAERM-CC/Mr.  Ed  Berry 
Cossaerce  City,  CO  50022 


F.  a.  BROW 
Engineer 

Technical  Director 


Stispense  Control  •  Number : 


Office  Symbol: 

DRXffl-IR  _ 


Date: 

26  Mar  79 


SUNWARY  OF  ACTION 
Para  2-10,  AR  340-15 


SUBJECT:  Transmittal  o£  Report  for  Task  1.05.23 


PURPOSE  OF  ACTION*  Forwa.rd  conmicn'ts  on  report  to 


MENDRANDl^l  FOR  RECORD  (List  references,  describe  briefly  background  §  discussion  and  give 

recommendation . ) 

1.  REFERENCES: 

None. 

2.  BACKGROUND  AND  DISCUSSION: 

Self  -  ejqjlanatory . 

3.  RECCMyENDATIONS: 

Approval  and  signature  of  Tab  A. 
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REPLACES  DA  FORM  202*.  1  DEC  SB,  WHICH  WILL  BE  USED 


Mr.  Canpbell/jj a/2556 
Typed:  28  Nfer  79 


{2--'  Dec  7b)  1st  Tnd 
Ti'aiisbdttal  of  Report  for  Task  1-05 


iS  Arnrp  Toxxc  suci  iiasarctous  M 

:f)  21010  3  APR  1979 


iteriais  Agency, 


Aierdeeii.  Provirig  Gitnjnd, 


TO: 


Coim-aiiGer  and  Directcrj  liS  Amsy  Viaterways  Experiment  Station, 
AITN;  WESGC,  P.O.  Box  631,  Vicksburg,  MS  39180 


Siibject  report  has  been  reviewed  according  to  request  in  basic  letter. 
Coraaents  appear  at  inclosure  2.  Request  transndttal  of  12  copies  of  the 
final  report  to  this  Agency  for  distribution  to  DDC.  Incorporation  of 
DD  Form  1478  by  W£S  is  therefore  required. 

FOR  TriE  0KvM\NDER: 


1  Incl 
wd  incl  1 
Added  1  ijicl 
2.  DA  Form  2028 


ANEKB?  W.  ANIERSON 
Acting  Oiief 

Installation  Restoration  Divisian 
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